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EFFECTS OF ALGAE ON WATER SUPPLY. 
In most natural waters to ·which sunlight has access, algal growth normally 
occurs, for such waters carry sufficient concentrations of the substances which 
furnish the requirements for plant development. These growths are comprised 
almost exclusively of low and primitive forms of vegetable life; associated with 
them in shallow waters very frequently are found aquatic plants of higher 
orders. The unattached algae are not restricted in habitat through limitations 
imposed by depth as are the rooted aquatic plants, and under favourable seasonal 
conditions, heavy growths may occur in deep bodies of water. Distinction is 
sometimes drawn between benthos, the free and attached algae which inhabit the 
littoral regions of a body of water, and plankton, comprised of organisms free 
floating throughout their vegetative existence and distributed over the whole 
expanse of water. This distinction is readily maintained for lakes of large 
surface area and considerable depth, but is not applicable to such habitats as 
river pools and reaches, where general admixture of types occurs. 
The extent of occurrence of fresh water algae in any locality depends 
largely on its physico-geographical and geological characteristics. Fritsch ( 1) 
states that mountainous tracts are more prolific than low lying regions, though 
in the former many of the larger types are absent, the filamentous species being 
represented chiefly by Myxophyceae (Cyanophyceae) and Conjugatae; while in 
low lying quiet waters, most of the filamentous and many commoner unicellular 
forms are found. If mountains consist of older palaeozoic rocks, of pre cambrian 
rocks, or of rocks of igneous origin, there is a marked increase, not only of species 
but also of individuals ; and, in comparison, a district of calcareous formation 
is distinctly poor. Pearsall ( cit. Fritsch ) has related the occurrence of desmid 
plankton in certain lakes to the stage of evolution of the lake basin, the rocky 
primitive lakes being those with principally desmid plankton. He attributes this 
to the high ratio of sodium potassium to calcium-magnesium in this type of lake. 
Algae are able to exist and develop under greatly varying conditions of 
temperature. In the arctic and antarctic regions a definite snow flora exists, 
capable of withstanding prolonged freezing even in the vegetative stage. Certain 
members of this cryoplankton contain a red pigment which gives rise to the 
phenomenon of red snow, the organisms being principally Myxophyceae, although 
desmids ( Conjttg·atae) may also occur. Similarly, algae occur in warm streams 
and constitute exclusively the vegetation of hot springs. Almost invariably the 
flora of extreme temperature conditions is comprised of Myxophyceae and 
Diatomales. 
Unlike terrestrial algae, aquatic forms, in the vegetative stage, show little 
resistance to drought, though marked resistance is seen in the resting phases. 
All forms show a distinct p eriodicity in growth, the greatest general activity 
being found in spring, with successive minor flushes in summer, these decreasing 
in intensity until, in the winter months, reduced activity is manifested. 
Many forms develop actively through wide ranges of temperature. 
Monie (2) has reported Asterionella (Diatom.ales) appearing at 36° F. and
growing abundantly until the temperature reached 75° F. The same worker 
gives the following ranges for other organisms :-Mallomonas ( Chrysophyceae)
36°-79°; Anabaena (Myxophyceae) 69°-79°; Aphanizomeno,n (Myx.) 38°-72°. 
In the Brisbane waters, Microcystis (Myxophyceae-Chroococcales) and Pleura­
coccus (Isokontae-chaetophorales) flourish throughout the approximate range 
55° F.-85° F.,  but distinct periodicity has been noted among the filamentous 
green algae ; Spirogyra and Zygnema predominate in the cooler periods 60°-75° ; 
these are replaced by Mougeotia from about 70°-80°, while Cladophora is the 
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principal form above 80°, although it is present freely at 75° F. Hydrodictyon
occurs intermittently and appears to develop freely over a wide temperature 
range. Of these filamentous types all are Isokontae, the first three belonging to 
the group Conjugatae, Cladophora to Ulotrichales and Hydrodictyon to 
Chlorococcales. 
An interesting example in growth periodicity of certain desmids occurs in 
the Enoggera Filters of the Brisbane system. These filters operate at low heads, 
the depth of water over the sand at no time exceeding twelve inches and generally 
running at about three inches. In April-May a heavy growth of Cosmarium 
( Conjug·atae) occurs and persists for about two weeks ; this is followed by an 
equally heavy development of Closterium (Conjugatae), the change over taking 
place in a few days. Temperature decrease is negligible and chemical analyses 
of the water show such slight variations in ordinary characteristics that no
adequate explanation can be found in that direction ; the phenomenon appears 
to be a true growth periodicity ; both organisms are delicate and hard to grow 
under artificial conditions ; they occur in limited numbers in the impounding 
reservoir, the heavy growth appearing on the filter sand surface and investing 
it with a brilliant green appearance. Considerable quantities of oxygen are 
evolved during development and pH values of the water in immediate contact 
are raised appreciably, indicating carbonate equilibrium shift through removal 
of C02 by the organisms ; no noticeable taste or smell is imparted to the supply.
/ 
Microphotographs of these and other organisms mentioned in relation to 
Brisbane 's supplies are shown in plates 5 to 52. 
Optimum conditions for individual species have not been fully define-d ; in 
general, food supply is the determining factor in growth concentration. In 
waters exceeding 25-30 feet in depth, stratification occurs throughout the summer 
months, resulting in a paucity of nitrogen, phosphorus and silica in the surface 
layers. During winter* complete circulation occurs, with a consequent overall 
distribution of the nitrogen, &c. , accumulated in the stagnant bottom zone as a 
result of anaerobic. microorganic activity. In shallow waters, subject to 
continuous circulation, a constant replenishment of essential food substances 
reaches the surface layers. Thus, in deep waters, the annual circulation furnishes 
a seasonal fertilising to promote the abundant spring growth, which, generally 
within a few weeks, returns to the normal summer le-vel of concentration of plant 
individuals, through depletion of the nitrogen, &c. ,  values to the point capable 
only of maintaining the normal balance. In shallow waters, however, wherein 
circulation is substantially continuous, relatively high concentrations of food 
requirements may be established and maintain�d through degradation of bottom 
organic matter, and thus highly active growth may occur over much longer periods 
than i>� the case in the deeper waters in which stratification is re established 
within a very short time after complete circulation ; such stratification cuts off 
from the surface layers all supply of requirements from the bottom zone of 
decomposition, until the next seasonal circulation when accumulated reserves are 
distributed for the impending spring activity. 
In the decomposition of the complex organic materials comprising the 
bottom sludge in a body of water, C02,  H20, NH3, and various minerals are 
released under aerobic conditions, while CH4, H2S and H2 are also formed under 
anaerobic conditions. The inorganic compounds of nitrogen, phosphorus, 
potassium, calcium, magnesium, &c. , are thus liberated in forms available for 
plant growth. The amount of nitrogen liberated as amm<)nia depends on the 
* This is true only in tropical and sub tropical localities. In temperate regions two
annual circulations may occur, one in spring and one in autumn. Stagnation circulation 
behaviour is discussed elsewhere. 
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nature of the organic matter undergoing decomposition. The bacteria and fungi 
responsible for the decompositio,n prefer carbohydrates to proteins as sources of 
energy, and the availability of the former determines the amount of protein 
utilised, and therefore the amount of ammonia accumulated. Further, the micro
organisms themselves reassimilate a proportion of the ammonia in the process of 
building up their own cell substance, and thus they are in competition with the 
higher plants for the available nitrogen . Briefly we have the following : the 
microorganisms prefer carbohydrates to proteins as sources of energy ; the 
presence of available carbohydrate stimulates their multiplication ; they reassimi­
late in part the nitrogen released as a waste product of the microbial metabolism. 
Thus the amount of nitrogen available for algal growth is dependent upon a 
number of factors, in, which may be found the explanation of the varying 
intensities of growth at different times under apparently the same general 
conditions. During decomposition of organic matter, the monosaccharides 
disappear first, followed by the starches and pectins, and then by the cellulose 
and pentosans ;: the liguins, waxes and tannins are decomposed only very slowly. 
As available carbohydrates disappear there is a corresponding increase in the 
relative proportion of nitrogen in the residual , and an enhanced probability of 
microbial activities providing nitrogen for algal utilisation. 
Many of the plankton algae, notably among the Myxophyceae, under 
favourable conditions frequently develop to such a degree that a whole body of 
water may take on the characteristic colour of the organism, the intensive repro­
duction occurring in a very short time. Husbimd ( 3 )  reports that overnight a 
reservoir of 150 million gallons (River Ouse water )  was converted into a body of 
green slime, the offending organism being Oscillatoria ( Myxophyceae ) ( Plate 39 ) . 
As sunlight is essential to the growth processes of all green and blue green algae,  
Husband 's term "overnight" is obviously not meant to be taken literally. Over
night temperature changes in the water could, through corresponding density 
changes, have caused the organisms, uniformly distributed and therefore not 
unduly noticeable during the day, to rise to the surface overnight and present a 
continuous green surface film in the morning. Rushton ( 4) records a case of
Chlamydomonas ( Isokontae ) ,  a mobile green organism, investing a complete 
reservoir with a brilliant green appearance.  
Kofoid states that Oylindrospermum (}Iyxophyceae)  may give to water 
the ''appearance and consistency of bluish soup , ' '  while Oeratium hirundinella 
( Dinophyceae ) ( Plate 41) produces a rusty colonr and an almost unbearable
stench. This latter organism is related to those ·which give rise to the phosphor
escence of the sea, and is probably the same as, or related to, the causative 
organism of the occasion related in the Biblical story ( Exodus 7) of the turning 
of the Nile to blood. and the death of fish and the stench which followed. In this 
respect Husband records the very rapid death-due to suffocation-of fish as a 
result of swimming through dense masses of minute water fleas. In a water 
heavily infested with algae, the wholesale death of fish could also occur as a 
result of dissolved oxygen depletion during decay of the organisms, or again, 
fish decimation could follow heavy infection with the fungus Saprolegnia ( Plates 
49 52 ) ; this has happened in the Brisbane River during periods of very low flow. 
In the Biblical story, however, both the blood colouv and the stench indicate 
that Oeratium was the offending organism. The writer has investigated a small 
impounded water near Lowood ( Q . ) ,  and found it heavily infested with 
Oeratium ; the water was reddish even oy transmitted light, and the stench was 
that of highly putrefied canned fish, a stench which many ablutions failed to 
remove completely from the hands. In the Brisbane supply, Pleurococcus 
( Isokontae ) develops rapidly at certain seasons in the filter beds and the whole 
half acre of water of each bed takes on a bright green appearance. In the 
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impounding reservoir at :\fount Crosby ( Brisbane supply) heavy infestations of 
Anabaena (Myxophyceae) (Plate 40) and Melosira ( Diatomales) have occurred,
the former producing its characteristic unpleasant sweet-grassy odour. In Lake 
Manchester, Microcystis (Myxophyceae ) (Plates 37-38) on several occasions has 
developed to a degree demanding corrective treatment. Ceratium is to be found 
in small numbers in all Brisbane's impounded supplies, but has given no trouble, 
there never having obtained, presumably, conditions favourable to its intensive 
multiplication. Details of treatment employed in Brisbane waters are given 
later. 
Fritsch states that the majority of fresh water algae probably tend rather 
towards the purification of water than otherwise ,  on account of their capacity to 
absorb and utilise many diverse kinds of organic substances . Filamentous types 
particularly evolve appreciable quantities of free oxygen, which, in general ,  has 
beneficial results. But with uncontrolled growth, algae are more troublesome 
than useful, particularly in water purification plant itself. 
Algal organisms are a very frequent source of tastes and odours which 
render a water supply unpalatable. In this respect, Myxophyceae and Diatomales 
are the principal offenders, there being in the literature many records of trouble 
caused by these. The taste and odour may arise from the products of photo­
synthesis of the actively multiplying organisms, or from the products of decom
position following a season of heavy development. During algal decomposition, 
bacterial counts increase tremendously and a corresponding high increase in 
protDzoan population also occurs, the protozoa being largely ciliates with lesser 
numbers of the smaller flagellates. Progressive microscopic examination of 
specimens of decomposing algae (Spirogyra and Cladophora) have shown heavy 
concentrations of organisms, culturally similar to B. Subtilis, followed by strong 
protozoal infestation. Microphotographs of this latter condition are shown in 
appended plates ( Plates 35-36 ) .  
Below are set out broadly the photosynthetic products of the algal classes 
known to produce nuisance, and from this may be  seen how such nuisance may 
arise from heavy concentrations of organisms, both in anaerobic decomposition 
and in active life, for oils of the living organisms in many cases are highly and 
unpleasantly odorous, each oil being characteristic of its generating organism. 
DiatQ,males: Drops of fatty oil ; globules of volutin ; accessory brown 
pigment diatomin ; cell wall composed of pectin substances 
impregnated with silica .  
Myxophyceae: Sugars and glycogen ; starch absent ; minute drops of oil 
frequent . Cells show abundance of granules appare;ntly 
albuminous and containing nitrogen and phosphorus. Pigments 
associated with blue phycocyanin to give various tints. 
Isokontae: Four pigments, two green and two yellow. Starch is form 
of storage for photosynthetic products. Cellulose main con
stituent of cell wall, with gelatinous pectose layers. The product 
of sexual fusion (zygote) usually becomes enveloped in a 
membrane ; the contents carry food reserves and frequently 
quantities of a yellowish red oil. The appreciable amount of 
starch is subsequently converted into fat, which is the principal 
food reserve in the resting spore, and is gradually used up during 
germination. 
Dinophyceae: Various pigments ; starch and oil. 
ChTysophyceae: Brown pigment phycochrysin. Fat and leucosin. 
Starch absent. 
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Following is a list of organisms which, in various localities, have given 
rise to troubles from taste and odour in water supplies. ( In general waterworks 
literature, the terms. taste and odour follow the loose popular usage, and in this 
paper no attempt is made to adhere to the strict meanings ) . All algae may be 
considered as capable of creating nuisance in decay if present in sufficient 
concentrations. The following organisms do so in the process of rapid develop
ment, largely, it is assumed, through release of photosynthesised oils . 
Class I. ISOKONTAE 
Group 1. Volvocales 
Series 1. Chlamydom.onadales CHLAMYDOMONAS 
EUDORINA 
PANDORINA 
VOLVOX 
Class III. CHRYSOPHYCEAE 
Group 1. Chrysomonadales 
Series I. Chromulinales MALLOMON AS 
Series II. Hymenomonadales SYNURA 
Series III. Ochromonadales UROGLENA 
DINOBRYON 
Class IV. DIATOMALES 
Group A. Centricae 
Series 1. Discoideae CYCLOTELLA 
Group B. Pennatae 
Series 1. Fragilarioideae TABELLARIA 
MERIDION 
DIATOMA 
ASTERIONELLA 
Class VI. DINOPHYCEAE (PERIDINEAE) CERATIUM 
GLENODINIUM 
PERIDINIUM 
Class XI.-MYXOPHYCEAE 
Group I. Chroococcales COELOSPHAERIUM 
MICROCYSTIS 
Group III. Hormogoneales OSCILLATORIA 
ANABAENA 
APHANIZOMENON 
CYLINDROSPERMUM 
RIVULARIA 
Fishy 
Fishy 
Fishy 
Fishy 
Fishy 
Cucumber Fishy 
Fishy 
Fishy 
Aromatic 
Aromatic 
Aromatic 
Aromatic 
Aromatic-Fishy 
Fishy 
Fishy 
Fishy 
. . Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
Grassy 
The offending organisms have been set out above in terms of British 
classification practice-family designations being omitted. It will be seen that
while five of the eleven recognised algal classes are represented, in any one class 
all or the majority of the organisms in question fall into specific groups. Thus, 
in Class 1 Isokontae, they all enter Series 1, Group 1, and they are distributed 
over two families ;  the complete class comprises seven groups made up of thirty
five families, while Group 1 itself consists of three series covering seven families. 
Similarly, though not so markedly, the same condition holds for the other Classes. 
·On account of the great difficulty in obtaining pure culture organisms in sufficient
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quantities for the purpose, little work has been done on the comparative chemical 
composition of algal cell contents ; in general taste troubles in water supply are
attributed to essential oils, Results of chemical analyses of composite samples 
( by Shuette ( 3 1 ) ) are given later . 
Hale ( 5 )  has reported that, despite the diverse sources of New York 's 
water supply, the only organisms that have given rise to trouble in taste and 
odour have been Asterionella, Tabellaria, Anabaena, Aphanizomenon ( with 
admixtures of Coelosphaerum and Microcystis) ,  Uroglena, Synura, Dinobryon · 
and Peridinium. He classes Synura as the most disagreeable of all ; it gives rise, 
even in small concentrations, to a cucumber fishy taste. When undestroyed 
organisms are ill the drinking supply, there is slight first taste, but a bitter after 
taste ; on the other hand, when the organisms are dead, there is an immediate first 
taste and practically no after taste. Hale uses copper sulphate for general 
control, but for Synura he has found chlorine 1(0·6 to 0 ·75 mgm/litre ) most
satisfactory, both for killing the organism and destroying the taste. 
Henderson ( 6) found high concentrations of Melosira in Mississippi River
water accompanied by high bacterial counts, but no taste or smell . Control 
measures with chlorine ( 2·2 m.gmjlitre )  were successful. The same worker found
a vile smell with a following infestation of Oscillatoria, the condition being best
controlled with copper sulphate .  Gilkison (7) with Missouri River water over
came Spirogyra and Anabaena troubles with CuS04 ( 1-1·5 mgmjlitre ) .  Craig 
(8 ) at Fort Worth, with a complex algal population, found stronger tastes in 
filtered than in raw supply, suggesting that organisms were disrupted in the 
filters with liberation of essential oils. Neither chlorine nor CuS04 was effective 
in dealing with the trouble .  Aeration was installed as an additional help. 
Haywood ( 9 )  at Easton, Pa., used pre-chlorination as a safeguard against algal 
tastes. Spaulding (10) at Hackensack, uses CuS04 continuously in storage 
reservoirs and occasionally in service reservoirs for control purposes. 
Meier (11 ) attributes to plankton algae, not only taste, smell and turbidity 
in water supplies, but also stains on porcelain fixtures, interference with cleaning 
in laundries, with dyeing and with development in photography. Fitch ( 12 )  
records the death of cattle and sheep through drinking water heavily laden with 
Anabaena. Monie ( 2 )  attributes certain epidemics of human gastro -enteritis to 
toxic products from Anabaena disintegrated in the treatment processes of the 
water supply. 
There are· many recorded experiences of the effect of algae on filtration, 
and the general finding is that length of filter run is greatly reduced where high
concentrations are found ; Husband ( 3 ) ,  Griffin ( 13 ) ,  Waddington (14 ) , Tyler 
( 15 ) ,  Baylis and Gerstein (16). Lea ( 17 )  at Carlisle ( Scotland ) ,  found Oscil­
latoria rapidly choked slow sand filters. He reports poor results in control with 
CuS04 and KMn04 to 2 mgmjlitre. Husband ( 3 )  and Waddington ( 14 ) ,  among
others, favour KMn04 as an agent. of algal control, but Waddington states that
in excess dose a bitter metallic taste is produced. Baylis and Gerstein (16) state
that algae give toughness to "floc " in treated water, the filamentous fors being 
more effective in this regard. They state that where extremely short runs are 
encountered, the filamentous forms are the main cause ; however, a high, increase 
of certain organisms like Asterionella or Tabellaria may also cause very short 
runs. In the coagulation of waters carrying high algal population, failure to
respond satisfactorily to sedimentation has occurred in many cases. The produc­
tion of artificial turbidity has been practised under these conditions with marked 
success, settling being greatly improved and filter runs appreciably lengthened. 
This turbidity may be produced by addition of clay to soft waters or hydrated
lime to hard waters, in this latter case CaC03 turbidity resulting from chemical
reaction. J.1ovejoy ('18 ) ,  Baylis (19), Leopold ( 20) and Norcom (21). 
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In the Brisbane supplies experience has shown that lVIicrocystis and 
Anabaena are best controlled with copper sulphate ( 0·1-0-2 mgmjlitre ) ,  while 
Melosira is more readily combated with chlorine ( 1-0 mgmjlitre) . Pleurococcus
succumbs readily to both copper sulphate and chlorine and is controlled with 
reasonable ease. Potassium permanganate was found not satisfactory for control 
of Pleurococcus. The following excerpts from recently published departmental 
annual reports detail the application of Algicides in the Brisl)ane supply. From 
these tabl€s it will be seen that Pleurococcus particularly i.s capable of very 
active development under widely varying seasonal conditions. Nor can its sudden 
excessive growth be correlated with conditions in the supply in respect of 
concentration of the generally determined constituents, for these show high 
seasonal variations. 
DETAILS OF INDIVIDUAL TREATMENT OF FILTERS TO DESTROY ALGAL GROWTH. 
(In these tables the conventional works practice parts per million figures are used). 
Day Ended 8 a.m . 
--· 
December 30 
January 7 
January 12 
January 24 
February 5 
April 5 
April 13 
April 27 
May 20 
May 30 
June 4 
June 6 
June 8 
June 9 
June 9 
June 9 
June 10 
June 18 
June 27 
June 30 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
.. 
. . 
. . 
.
. 
.. 
. . 
.. 
. 
. 
. . 
. . 
. 
. 
. . 
Algae Present. 
{Anabaena} 
Melosira 
Anabaena 
ditto 
Pleurococcus 
Anabaena 
Pleurococcus 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
. . 
. .
. .
.. 
. . 
. . 
. 
. 
. . 
. . 
. . 
. . 
. . 
. .
. 
. 
. . 
. . 
. . 
. .
. . 
Filters Treated. 
No.1 . . 
Nos. 1 and 2 
No.1 
No. 11 
No.2 
No.7 
No.2 
No.3 
. . 
. . 
.. 
. . 
.. 
. . 
Nos. 2 and 3 
. . 
. 
. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
Nos. 1, 7, 10 and 
ll 
No.1 . . . . 
No3. 1, 2 and 9 
No;. 9 and 10 .. 
No.2 
No.7 
No.9 
. . 
.. 
. . 
. . 
. . 
. 
. 
Nol. 7 and ll .. 
Nos. 1 and 2 
No.1 
No.2 
. . 
. . 
. . 
. . 
. . 
Treatment. 
--------
Chlorine 
ditto 
ditto 
Ammonia-
Chlorine 
ditto 
.. 
. . 
. . 
. . 
Copper Sulphate 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
. . 
. . 
. . 
. .
. . 
. . 
. . 
. . 
. . 
..
 
. . 
.
. 
. . 
. . 
Dnration 
Hours. 
16 
18 
. . 
1.4 
20 
6 
6 
6 
6 
6 
6 
6 
12 
12 
6 
12 
12 
12 
6 
12 
Dose, 
p.p.}l. 
1·0 
1·0 
1·0 
1·0 
1·0 
0·2 
0·2 
0·2 
0·2 
0·1 
0·1 
0·2 
0·1 
0·1 
0·1 
0·2  0·1 
0·2 
I 0·2 0·2 
DETAILS OF TREAT.W:E:"<T AT Low LEVEL SETTLING RESERVOIR WHEN ALGAE PRESENT 
IN THREE OR MoRE FILTERS . 
Day Ended 8 a.m. 
December 8th 
December 9th 
December 9th 
February 12 th .. 
March 12 th 
March 13th 
April 5th 
May 19th 
May 20 th 
May 30 th 
.
. 
. . 
. . 
. . 
. . 
. . 
Algae Present. 
Pleurococcus 
ditto 
ditto 
. . 
. . 
{Melosira l. 
Anabaen!1 j 
(Anabaena ) 
t Pleurococcus J
ditto . . 
Pleurococcus 
ditto 
ditto 
ditto 
. . 
.. 
. . 
. . 
.. 
. . 
. . 
. . 
. .
.. 
. . 
. . 
. . 
. .
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
Treatment. 
-----
----
----
Ammonia-Chlorine 
ditto 
ditto 
ditto 
. . 
. . 
. . 
Copper-Sulphate 
ditto 
ditto 
ditto 
ditto 
ditto 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
.. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. 
. 
. 
. 
. . 
.. 
. . 
.. 
Duration 
Hours. 
4 
4 
4 
ll 
12 
12 
12 
16 
16 
18 
D ose, p.!J). p. 
2·2 
0·75 
0·4 
0·9.'5 
0·5 
0·5 
0·2 
0·2 
0·2 
0·1 
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' ' Trouble was again experienced with excessive growths of Algae, the 
offending organisms being principally Pleurococcus, Melosira and Anabaena. 
Normally considerable growths of Spirogyra and Hydrodictyon occur, but these 
give rise to no undue difficultie-s. Pleurococcus, however, causes very rapid 
choking of the filters while Anabaena may promote unpleasant taste and odour 
with pronounced unpalatability of the water. Control is exercised by the 
judicious use of copper sulphate or chlorine within the filter when only one or 
two beds are affected. When the trouble is more general, the algicide is applied 
after aeratio;n and prior to settling at Low Level*. In September and October 
very large numbers of Daphnia Longispina occurred in the beds. The only appar­
ent effect of these organisms is to cause an increased bacterial count. The tables 
set out the measures adopted for Algal control. 
During July and August excessive growths of Pleurococcus developed in 
the slow sand filters, and treatment was necessary to combat the trouble . ' '  
The following table sets out the details of this treatment:-
Day Ended 8 a.m. 
-------
July l 
July 1 
July 3 
July 6 
July 7 
July 8 
July 9 
. . 
. . 
. . 
. 
. 
. 
. 
. . 
. . 
July 11.. 
July 14 .. 
July 15 .. 
July 15 .. 
July 18 .. 
July 20 .. 
July 20 .. 
July 21 . . 
July 22 .. 
July 23 .. 
August 5 
August 6 
August 7 
August 17 
August 19 
August 20 
August 23 
August 24 
August 25 
August 26 
August 29 
September 7 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. 
. 
. 
. 
. 
. 
. 
. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. 
. 
. . 
. .  
. . 
. . 
. 
. 
September 18 . . 
October 9 . . 
Filters Treated. 
2 and 3 
11 
2 
2 
2 
9 
. . 
. . 
. . 
. . 
. . 
2, 3 and 9 
2, 3 and 9 
. . 
. . 
. . 
. .  
. . 
. . 
2, 3 and 11 
11 
6 
. . 
. . 
7 and 11 
7 . . 
5 and 10 
5 and 7 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. 
. 
. . 
. .  
. .  
. . 
. . 
. . 
. . 
. .  
. .  
. . 
Low Level Reservoir 
11 . . 
5 and 6 
. . 
. . 
. . 
. . 
Low Level Reservoir 
5 
6 
. . 
. 
. 
3, 4 and 5 
4, 5 and 9 
1, 6 and 7 
7 and 11 
7 . .  
2 and 7 
. . 
. . 
. . 
.
. 
. . 
. 
. 
. 
. 
. .  
. . 
. .  
. . 
. . 
. .  
Low Level Reservoir 
2 and 3 
10 and 11 
7 . . 
. . 
. . 
. . 
. . 
. . 
June 7 .. ..
1
1 . . . . . . 
. . 
. . 
. . 
. . 
.
.
 
. . 
. . 
. 
. 
. . 
. . 
. 
. 
. . 
. . 
. . 
. . 
. 
. 
. . 
. 
. 
. . 
. .  
. 
. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. 
. 
. . 
Treatment. 
Copper Sulphate 
Sun Dried 
Copper Sulphate 
ditto 
ditto 
ditto 
ditto 
ditto 
. . 
.
. 
. 
. 
. . 
. . 
Chlorine Spray 
ditto . .
Copper Sulphate 
Chlorine Spray 
ditto . . 
Copper Sulphate 
Chlorine Spray 
Copper Sulphate 
ditto 
. . 
Chlorine Spray 
Copper Sulphate 
Chlorine Spray 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
ditto 
. . 
. . 
. . 
. 
. 
. . 
. . 
. . 
Copper Sulphate 
Chlorine Spray 
ditto 
ditto 
. . 
. . 
Copper Sulphate 
. 
. 
. . 
. . 
. 
. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
.
.
. . 
. . 
. . 
. . 
. . 
. . 
.
. 
. 
. 
. . 
. 
. 
. . 
. . 
. 
. 
. 
. 
. 
. 
. . 
. . 
. 
. 
. 
. 
. . 
. . 
. . 
. 
. 
. 
. 
. . 
. 
. 
. . 
. 
. 
. . 
. 
. 
. 
. 
. . 
. 
. 
. 
. 
. . 
. . 
. . 
. 
. 
. . 
. . 
. . 
 
I 
Duration 
Hours. 
18 
. . 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
6 
6 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
I Dose, ·--�-
 
0·2 . .
0·2 
0·2 
0·2 
0·2 
0·2 
0·2 
0·5 
0·§ 
0·2 
0·5 
0·5 
0·2 
0·5 
0·2 
0·2 
0·5 
0·2 
0·5 
0·5 
0·5 
0·5 
0·5 
0·5 
0·5 
0·5 
0·2 
0·5 
0·5 . 
0·5 
0·2 
( Chlorine spray refers to the application of a hypochlorite spray to the 
:filter surface when the organisms are principally floating on the surface . The 
dose is calculated on the :filter capacity (0-5 million gallons) and the dose at the
surface would greatly exceed 0·5 p.p .m. chlorine. ) 
* Low Level Reservoir is the sedimentation basin of the Brisbane River treatme·nt works. 
Hs capacity is 4.5 mi}lion gals. 
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The general method adopted for control of algae is treatment with 
CuSO this being applied to storage reservoirs by towing bags of the salt behind
boats. 
4' 
Copper sulphate treatment is the usual procedure for large storage
reservoirs and chlorine for smaller service reservoirs. Baylis ( 22 ) ,  Veatch ( 23 ) . 
For treatment of the Brisbane impounded supplies a tapered wooden box 
with brass gauze openings on opposite sides near the bottom is used. The box 
is attached to the motor boat near the stern, the gauze openings being submerged 
several inches. The area of gauze opening is  variable. During travel of the boat 
the water is forced through the screened openings in the box, carryi,ng with it, on 
exit, dissolved salt. Throughout, the box is kept filled with copper sulphate 
through an appropriate hopper top. By this method, more nearly uniform distri
bution is effected than by the use of bags in which there is presented to the water 
a progressively decreasing surface of salt. 
In the case of many organisms, treatment with chlorine alone gives rise 
to unpleasant odours resulting from the formation of chloro-derivatives of the 
essential oils secreted by the organisms. It has been established that ammonia­
tion prior to chlorination to give chloramines prevents the formation of obnoxious 
chloro-bodies, while the chloramine, though more slowly, produces the beneficial 
results of chlorine alone . In Brisbane, ammonium sulphate is used to produce 
the chloramines. 
With copper sulphate treatment of water supply, the question arises of 
the effects on public health of copper entering the distribution system. Hale and 
Muer (24) found in the service pipes (New York ) a high percentage of the
copper added to the reservoir ( 0-12 mgmjlitre ) ,  but considered the concentration 
of  no sanitary significance. Following complaints, Hale ( 25) in a comparative
study of death rates in New York, using CuS04, and Chicago and other cities 
using chlorine alone, found that not only did copper not appear deleterious, but 
also that in New York there had been a remarkable decrease in deaths from 
cirrhosis of the liver. Schneider ( 26) states that small amounts of copper in 
water may be beneficial, probably acting as a catalyst in making iron available 
for haemoglobin ; that an adult may take 500 mgm. per day without deleterious 
results, and that water containing 5 mgmjlitre would be so nauseating as to be 
unfit for consumption. Hale states further, that the permissible copper content 
of domestic water, based on a consumption of one gallon per day, should not 
exceed 20 mgmjlitre, which figure is greatly in excess of the limits imposed by
palatability. 
In the Brisbane supplies there are present several of the organisms known 
to produce tastes and odours, but only infrequently have they been allowed to 
develop in concentrations sufficient to become objectionable. Microcystis is 
present in Brisbane 's three older impounded supplies (Lake Manchester, 
Enoggera and Gold Creek reservoirs )  and also in the relatively shallow 
impounded Brisbane River water at Mt. Crosby. It is found in highest concen­
tration in Lake Manchester. Anabaena and Asterionella are also present, 
particularly in Enoggera and Gold Creek. In 1904 an organism, which, from 
the scant records available, is assumed to have been Microcystis, developed so
strongly in Gold Creek, and gave rise to such intense and unpleasant odours that 
the whole supply was run to waste. There are no records of attempts made to 
control the growth. Later, in 1906, Wasteneys ( 27 )  experienced trouble in 
Enoggera, principally with Anabaena, and successfully used copper sulphate in 
its control. Details of treatment are not available . More recently on oc,casions 
in Enoggera Reservoir, Anabaena has threatened to become troublesome, but 
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adequate control was found in early preventive treatment with copper sulphate 
application at a rating of approximately 0-05 mgm litre over the full 1 ,000 
million gallons capacity. Generally in water works, in the treatment of large 
impounded supplies, the total quantity of algicide to be used is computed from
the predetermined dose applied to two-thirds of the capacity, the assumption 
being that the bottom third at least is but sparsely inhabited by plankton. This 
practice is followed in treatment of the three principal storage reserves of the 
Brisbane system, but for the shallower impounded water on the Brisbane River 
at Mt. Crosby, quantities are estimated over the full depth (maximum 20 feet ) . 
Periodically it is found necessary to apply preventive treatment to L.ake 
Ma,nchester for Microcystis control . In this work the Lake is treated in sections
and one application over all per season at 0-1 mgmjlitre has been found adequate 
to keep development within satisfactory bounds. Lake Manchester water ( tribu­
tary to the Brisbane River ) is used to supplement the supply when river flow is 
too low to meet demands. Outlet from the lake is near the bottom, and conse­
quently, when it is opened to the river, relatively high concentrations of available 
nitrogen, phosphorus, &c ., enter the raw river supply.  As a result vigorous algal 
development is promoted in the impounded river water, intensive multiplication 
occurring in a very short time . It has been foun d necessary to apply weekly 
preventive doses of copper sulphate ( 0-05 mgmjlitre ) to keep the growths in 
check and to avoid the difficulties imposed on the purification plant by heavily 
inf osted waters. On the first occasion of admission of Lake Manchester water to 
the river supply, preventive treatment was not employed ; heavy growths of 
Anabaena and Melosira rapidly occurred ; filter runs decreased 80 90 per cent. ; 
large quantities of copper sulphate ( doses exceeding 0-5 mgmjlitre ) were 
required to kill the organisms ; the whole body of water became opalescent in 
appearance ; an unpleasant smell appeared, the discharge of which demanded 
heavy chlorine-ammonia treatment ; bacterial and protozoal counts were exces
sively high ( Plate 36 ) ( total counts exceeded 20,000 organisms per millilitre ) ; in 
general the purification plant was heavily strained to produce a palatable supply. 
As far as Brisbane is concerned, it has been adequately demonstrated that 
preventive treatment is vastly preferable to curative treatment after the difficul
ties have occurred. Preventive treatment calls for vigilance and its time of 
application must be determined by observation in terms of experience .  
At certain seasons, as has been stated, Pleurococcus develops strongly in 
the open basins and filters of the Brisbane River works and causes rapid choking 
of slow sand filters. At such times satisfactory control measures are found in 
treatment with chlorine or copper sulphate, such treatment being applied to a 
degree not necessarily designed to inhibit growth entirely but so to limit it that 
conditions are kept under control. The rapid development occurs generally in 
the large shallow open sand filters. Spirogyra, cladophora, zygnema and 
mougeotia ( Plates 11-28, 45 ) grow vigorously within the filters and spirogyra and 
cladophora in the coagulation basins attached to the walls and baffies . At no 
time have these plants caused undue trouble, but on the contrary, their presence 
is regarded as generally beneficial ; for, as will be shown in detail later, they 
release oxygen to the water, consume free 002 and cause to be deposited in the 
sand beds appreciable quantities of Ca003 • 
Many workers have recorded the concentrations of algicide necessary for 
elimination of various organisms. Obviously the requisite figures will vary with 
the temperature and general characteristics of the supply. The factors govern
ing t�e quantity required may be taken as follows :-Type of algae ; amount of
orgamc matter present ; hardness of the water ; 002 content · temperature. 
Obvious difficulties in deciding quantities are introduced by th� depth of the
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water and the depth of penetration of the organisms. Again the types of fish 
present are a controlling factor , as some are very sensitive to small concentrations
of copper. Hale gives the following limiting figures in respect of fish :-
Fish. 
Trout 
Carp 
Catfish 
Gold Fish 
Perch 
Sunfish . .
Bass 
mgm/litre. 
Copper Sulphate. 
0.14 
0.33 
0.40 
0.50 
0 .67  
1 .35 
2.00 
In the Brisbane waters , fish deaths following treatment have not been noticed.
The CuS04 added in due course settles out as basic carbonate. Medbery ( 2 8 )  
has found a progressive settling u p  t o  4 8  days , and a re-occurrence o f  offending
Algae a similar period after treatment . 
T able 1 sets out a few results from published data for copper sulphate
values required for various algae. In the main these have been taken from Hale 
(4 ) , Fair and Whipple ( 2 9 )  and Moore and Kellerman ( 30 ) . These last workers
appear to have been the first to use copper sulphate for control of Algae
( 1 904 ) :-
TABLE 1. 
COPPER SULPHATE ( CuSQ, . ,H,Q ) REQUIRED FOR CONTROL OF VARIOUS ALGAE. 
Iso7contae
Chlamydomonas 
Eudorina 
Pandorina 
Volvox 
Chrysophyceae
Mallomonas 
Synura 
Uroglena 
Dinobryon 
Diatornales
Gyclotella 
Tabellaria 
Meridion 
Diatoma 
Asterionella 
Melosira 
Dinophyceae
Ceratium 
Glenodinium 
Peridinium 
Myxophyc•eae
Coelosphaerium 
Microcystis 
Oscillatoria 
Anabaena 
Aphanizomenon 
Cy lindrosperm urn 
Rivularia 
MGM. PER LITRE. 
0.50 
10.0 
10.0 
0.25 
0.25
0.12 0.25 
0.50 
0.25 - 0.3 
0 .20  0 .30  
0 .15  0 .50 
0 .20 
0 .20 
0 .12 0 .20 
0.33  
0 .50  
0 .50  - 2.0 
0.50 2.0 
0 .20 - 0.33 
0 .12 0.25 
0 .20 0.50 
0.12 
0.12 0.25 
0.10 0.20 
0.20 
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Several workers have investigated the composition of plankton organisms, 
among whom may be mentioned Shuette ( 31 ) , Turner (32) , Hyams and Richards
( 33). Shuette worked with composite catches from Lake Mendota. His conclu
sions were that 40 to 87 per cent. of total nitrogen was available as protein N. , 
the remainder entering the indigestible chitin molecules ; total sulphur, unlike 
total phosphorus, was suhstantially constant, irrespective of the nature of the 
plankton organisms ; sugars were present in very small amounts ; measurable 
furfural was procurable from all ; Myxophyceae and Diatomales contained carbo
hydrates soluble in hot water ; no substance was present soluble in dilute Na2003 
and comparable to the algin of marine algae. Table 2 sets out the results of
Shuette 's analysis :-
TABLE 2 .  
DETAILS OF CHEMICAL EXAMINATION OF  PLANKTON CATCHES (SHUETTE). 
Nature of Plankton Material Examined. 
A. Fragilaria (diatom) predominant-with abundant Microcystis. 
B .  ditto 
C. Crustaceae predominant, principally Daphnia. Fragilaria present 
D. ditto 
E .  Almost entirely Myxophyceae : Aphanizomenon and Anabaena 
1 54 . . Almost entirely Daphnia Pulex 
5138  . . Similar to A. and B .  
DETAILS O F  ANALYSES O F  PLANKTON MATERIAL. 
(Figures are per cent. of dry weight). 
Dry Crude Total Total Total Protein Non-Sample. 
--
A. 
B .  
c .  
D.  
E .  
. . 
.. 
. . 
. . 
. . 
154 
5 1 38 
Wt. 
Gms. 
53 
28  
187  
160 
470 
92 
125 
Ash. Silica. Fibre. 
26 ·05 17 · 90 4 ·58 
27 · 1 6  20·82 2 · 6 1  
1 3 · 98 2 · 37  5 ·40 
14 ·51  0 · 70 5 · 63 
6 ·52 . 0· 1 7  1 · 30 
7 ·62  0 ·07  3 ·33  
4 1 · 44 34·37 2 · 1 3  
s .  
0·60 
0 ·61  
0 ·60 
0 ·64 
0· 64 
0 ·63  
. . 
P. 
----
1 ·07  
0 ·91  
1 · 22 
1 ·41  
1 · 40 
1 · 57  
. . 
Protein N. N. N. 
--- -- ---
6 · 1 5  3 · 93 2 ·22  
5 · 58  4 ·62  0 ·96  
8 ·25 3 · 83 4·42 
8 ·55 3 ·50 5 ·05 
9 · 94 8 ·67 1 ·27  
8 · 85 4 ·47 4 ·38 
4 ·51  2 ·82  1 ·69  
Protein Pen-
Nx 6·25. tosaus. 
--- ---
24·56 2 ·67  
28 ·87 3 ·00 
23 ·94 1 ·30 
2 1 · 87 1 · 1 4  
54· 1 8  3 ·42 
27 ·94 0 · 78  
1 7·62  2 ·30  
Shuette also examined the oils extracted from the daphnid catches, the 
physical and chemical constants of which are shown below :-
Sample. c. D. 154.  -- -
I. R. @ 25° c.  
Iodine No. 
Sap. No . .. 
Reichert-Meiss! No. 
Polenske No. 
1 · 4777  
102 ·08  
On these data, he classes these oils among the fish oils. 
1 ·4785 
87 ·58  
248 · 60 
1 · 16  
1 · 55 
1 ·4810  
1 72 ·88 
208 ·56  
0 ·94 
1 · 22 
At times, heavy infestations of Daphnia Longispina occur in Brisbane 's 
Slow Sand Filters. From a substantially pure catch of these organisms, oil wa.'i 
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obtained by ether extraction, 48·4 gms. of air dried material yielding 4·04 gms.  
of oil equivalent to 8·35 per cent . content calculated on the air dry basis. The 
oil had a marked fishy odour and gave the following constants :-
I.R. @ 25°  C. 1.491 
Iodine No. 
Sap. No. 
112 
242 
These values do not agree closely with those of Shuette 's. sample 154, which was 
comprised almost entirely of Daphnia Pulex. 
Turner ( 32 ) ,  in an investigation of Oscillaria prolifica, found the general 
percentage composition of air dried material as follows :-
Moisture 
Ash 
Nitrogen 
Removed by extraction 
9.7 
6.4 
7 .4 = 46.2 protein 
2.2 
The extract contained chlorophyll and a small amount of fat, while the remaining 
35·5 consisted principally of carbohydrates, with some indigestible material 
usually classed as fibre. A small amount of crystalline magnesium salt of an 
organic acid ( possibly caproic )  was obtained ; while there were present also a 
glucoside or polysaccharide, with physical properties similar to those of saponin, 
and traces of indole or skatole from protein decomposition. The colouring matter 
consisted of chlorophyll similar to that of higher plants, and a blue substance, 
soluble in water and glycerol, with intense red fluorescence-algocyan. The chief 
carbohydrate was a pectin like substance, insoluble in water, with marked power 
of forming gel on heating, and hydrolysed very slowly on boiling with 5 per 
cent. sulphuric acid. The fresh organism contained an aromatic compound, 
soluble in petroleum spirit, with characteristic odour. The bad smell arising from 
these organisms in decay is attributed by Turner to higher acids of the butyric 
series, some of which were separated. 
In regard to the food requirements of algae, Rushton ( 34 )  states that 
fertilisation with phosphates promotes growth tremendously, particularly in the 
case of Anabaena and Aphanizomenon types ; and that application of nitrogenous 
fertilisers does not produce such heavy development as in the case of phosphates . 
In streams around Brisbane receiving purified sewage effluents from army estab
lishments, most vigorous growths of Chlorococcales and Cryptophyceae have 
occurred. These effluents, from raw sewages averaging about 50 mgm/1. 
ammonium nitrogen carried from 10 to 25 mgm/1. nitrate nitrogen with relatively 
low phosphate (P205 ) concentrations of 2 to 4 mgm/1.  In Germany, phosphate 
is added to fish ponds, with a view to increasing the total weight of fish from a 
given area .  Lime is first added, followed by superphosphate, with a result of 
greatly intensified algal development. Amounts found satisfactory vary from 
23 to 27 pounds P205 per acre, add·ed in early spring. It haS' b'een found that
in the Brisbane impounded waters, at the period of complete circulation, appreci
able quantities of phosphates, nitrogen as ammonia, silica and carbon dioxide 
are brought into the surface zone, where conditions are favourable to algal 
growth. Adequate supply of carbon dioxide appears necessary for vigorous 
growth, as this provides the basis for the elaboration of plant tissue. Natural 
waters contain sufficient carbon dioxide, free and combined, to maintain the 
requirements of a normal aquatic plant population ; the higher concentration of
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free C 02 at reservoir circulation is probably as essential a factor in the spring 
activity as are the increased nitrogen and phosphate concentrations. In this 
respect, Bolas and Henderson ( 3 5 )  found that in the case of certain higher plants, 
artificial enrichment of the air with carbon dioxide, produced a large increase 
in weight. Wright ( 3 6 )  states that previous workers reported contrary findings, 
but whereas they used an impure gas containing hydrogen sulphide, Bolas and 
Henderson worked under carefully controlled co,nditions with a purified C 02• 
It may be assumed that the algae obtain their carbon dioxide supplies from 
the uncombined H2003 of the water by a process of osmosis, and the diffusion 
in the case of the cell wall is analogous to that in the case of the root hairs of 
terrestrial plants, namely, that continued absorption of any substance is possible 
only if that substance is progressively utilised in the processes of metabolism ;  
for this makes possible a selective absorption--exemplified in the fact that cereal 
crops take from the soil much less nitrogen and potassium but more silica than 
do root crops-a circumstance which forms the basis of the practice of crop 
rotatio,n. 
In a natural water, assuming equilibrium to exist and neglecting salts of 
acids other than those of carbonic and bases other than those of calcium and 
magnesium, we may regard the equilibrium as holding between the molecular 
�pecies C02 and H2C03 and the following ions :-
Ca + + ; Mg + + ; H + ; HC03 ;  C03 ; and OH . 
This equilibrium, in turn, is dependent upon and defined by the partial pressure 
of C02 in the immediate atmosphere. In natural waters, particularly when not 
freely flowing, and; with heavy algal and bacterial populations, equilibrium 
conditions are subject to continuous change. On the one hand the algae, during 
the hours of sunlight, continually remove free carbon dioxide, tending to disturb 
the equilibrium in one direction, while, on the other hand, bacteria, at all times, 
give rise to appreciable quantities of carbon dioxide, tending to produce effects 
in the opposite direction. Thus there are two sources of replenishment of plant 
available carbon dioxide operating singly or conjointly as conditions determine. 
Also continuous interchange is in progress between atmosphere and surface layers 
to establish and maintain equilibrium. The nett effect of the removal of free 
C02 by algae is to cause a corresponding increase in concentration of 003 = and 
OH- ions at the expense of HC03- ions, while addition of free C02 produces an 
increase in HC03 ion concentration, with corresponding decreases in 003 = and 
OH- ion concentrations. The general ionic relationship holding may be taken 
as-
[B + +] + [H +] = [HC03 ] + 2 [C03 ] + [OH ]
where B + + represents the total equivalent concentration of titratable base ( in 
the conditions under review, Ca + + and Mg+ + ) ,  while for the rest, the symbols 
represent molal concentrations of the respective ions. ( This relationship is valid 
only in the aosence of salts of weak acids other than carbonic. ) In a water 
bearing such constituents and subject to algal and bacterial activities, the relative 
concentrations of the several ions may so vary as to allow precipitation of or 
re-solution of previously precipitated calcium and magnesium. Into this matter 
there enters the question of the activity product co,nstants of  CaC03,  MgC03,  
Mg ( OH ) 2 ,  and also the probability of the formation of dolomites and solid
solutions of MgC03 in CaC03•  
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Equilibrium may not obtain in a solution containing carbonates, unless 
the system be in contact and have established equilibrium with a definite and 
appropriate partial pressure of carbon dioxide in the immediate atmosphere. The 
mass law equations defining the equilibria existing between 002 and its 
derivatives in natural waters may be written as follows :-
Kw = (H + )  (OH ) = [H +] [OH ] aH aOH 
K'w = [H +] [OH ] 
K' 1 
K' 2 
[H +] [HC03 ] 
[H2C03] 
[H +] [C03 =]  
fHC03 ] 
[H +] [C03 =] aH aC03 
[HC03 ] aHC03 
KcaC03 = (Ca + +)  (C03 = )  = [Ca + +] [C03 =] aca aC03 
K'caCOa = [Ca + +] [COa =J 
Similarly K' MgCOa = [Mg + +] [C03 =] 
K'Mg (OH) z = [Mg + +] .OH ] 
2
The above equation for CaC03 does not fully represent the position. Actually
calcium carbonate hydrolyses as follows :-
and in solubility product calculations only 003= of the anions may be taken into
account. 
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There is doubt concerning the degree to which dissolved C02 is hydrated
to ·H2C03 •  Walker and Cormack ( 37 ) have stated that it  is  in excess of 50 per
cent., while Pusch (38 )  has concluded that less than 1 per cent. is in the hydrated 
form. The value of the constant K1 is given strictly by-
Faurholt ( 39 ) has shown-
l 
K1 = Kt ( + l ) ,  in which Kh 
(H + )  (HCOa ) 
h · · · t f H  CO  Kt = , t e true wmsatwn constan o 2 3 , H2C03 
(H2C03)and Kh = 
(C02) 
Therefore since Kh is a constant, if the activity of the solvent water does
not change, K1 will also be a constant with this same limitation.
The constants K'1, K'2, &c. ,  are apparent constants, applicable only in
solutions of the same mineral content and at a given temperature, but which, for 
any given conditions, can be computed from the known thermodynamic constants 
K1, K2, &c. ,  by combining each with its appropriate activity coefficient, in accord­
ance with the activity concept of electrolytic dissociation. This concept assumes 
complete dissociation of all salts in a dilute solution ( a  condition which obeys 
the law of mass action only at infinite dilution) and requires that all concentra
tion terms in a mass law equation be converted to activity terms by combining 
each with an activity coefficient. These coefficients are functions of the total salt 
content of the solution and of the valences of the ions present and are defined 
as the empirical factors by which, in free energy and mass action expressions of 
the forms holding for perfect solutes, the concentrations must be multiplied in 
order to make those expressions valid for the imperfect solutes under considera­
tion. Thus deviations from the ideal condition are allowed for by considering 
effective concentrations or activities .  The activity coefficient ax may be defined 
as a measure of the extent of deviation, or the ratio of the effective concentration 
to the actual concentration ax = (x)j[x] ; thus at infinite dilution the activity is
equal to the concentration and the activity coefficient is unity-i . e. , K'1 = K11 &c.
A convenient method of expressing the combined effect of total salt concen­
tration and valence is in terms of fL , the ionic strength. Ionic strength is defined 
as one half the sum of the molality of each ion in solution multiplied by the square 
of its valence-i.e . ,  if c1 1 C2 • • • • be the molal concentrations of the ions and 
v1, v2 • • • • the corresponding valences, then the ionic strength of the solution 
is-
Thus ionic strength may be computed, and from this, m turn, values of ion 
activity coeffi!cients may be derived. 
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In the foregoing expressions defining the constants involved in the 
equilibria, parentheses represent activities and brackets concentrations. The a 
values are activity coefficients of the constituents represented by the subscripts. 
By algebraic manipulation of the fundamental e quilibria equations, expressions 
may be derived by which, from determined values of concentrations of any two 
.of the equilibria constituents, all others may be computed. While use of these 
.expressions· may not be fully beyond criticism, they provide a reasonably sound 
quantitative picture of the conditions holding in a carbonate equilibrium not 
attainal:ile by ordinary chemical procedure, and allow a simpler and surer measure 
()f free C02 than the available methods of chemical analysis. The values
determined and used in the computations are those of titratable base and 
hydrogen ion concentration, both open to ready and reasonably accurate measure­
ment. These expressions are used later in this paper, but are set out here to
preserve some semblance of continuity :-
f h. h 
[H +] [HC03-]
rom w w = K'1 [H2C03] . . . . . . . . . . (i) 
HC03 -
 
H +  + C03 =
[H +] [C03 =] 
from which = K' 2 [HC03 ] 
[B + +] + [H +] = [HC03 -] + 2 [C03 =] + [OH J
[H +] [OH ] = K'w 
From (ii) we have 
and from (iv) 
K'w 1 0H +] = -­t [H +]
J3y substituting these values in ( iii ) we obtain-
2 K' [HCO -] K' [B + +] + [H +] = [HCO ] + 2 3 
 
3 [H +] + [H +] 
2 K ' .  rHC0 1 -] + fHC0,-1  fH +l + K'w 
[H +] 
i.e. ,  [B + +] [H +] + [H + ]2 K'w = [HC03 -] (2 K'2 + [H+J )  
. (ii) 
(iii) 
(iv) 
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i .e . ,  [HC03) 
[B + +] [H +] + [H +)2 - K'w
2 K' 2 + [H +] 
K' 
From (ii) [C0 3 =] = [HCOa -J 
 
• = _ K' 2 
 
+ +] [H +] + [H + ]2 - K'  
. . [COa ] - [H +] 2 K' 2 + [H +] 
.  [H 
  
+ +] [H +] + [H + )2 - K'  
. .  [H2COa] - K\ 2 K'2 + [H +] 
. . . . . . . • . . .  (a) 
. . . . . . .  (b)  
. . . . . . . .  (c)  
In each of the expressions, a, b and c, there is the common factor representing the 
expression for [ HC03- ] -i.e. ,  
[B + +] [H +] + [H +]2 - K'w 
2K' 2 + [H +] 
In the Brisbane River waters to be considered later, titratable base was of the 
order of 2·5 milliequivalents per litre, while [H + ]  ranged roughly from 10-7 to 
lG-9• It is clear, therefore, that for all practical purposes the terms [H + ) 2 and
K' w in the above expression may be neglected.  Thus we arrive at the simplified
forms :-
[B + +] [H +] 
2K' 2 + [H +] 
K' 2 [B + +] [H +] 
[H +] 2K' 2 + [H +] 
[H +] [B + +] [H +]  
K'1 2K' 2 + [H +]  
. . . . . . . . .  (A) 
. . . . . . .  (B) 
. . . . . . . .  (C)  
These simplified expressions have been used in calculating values shown in the 
subsequent tables. In applying these expressions, it is necessary to compute 
values for K' 1> &c. , in terms of the variations in the values of thermodynamic
constants K1, &c. ,  due to ionic strength and temperature of the particular water
under consideration. 
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The constants used throughout this paper (the most recent in the literature, 
as far as the writer knows ) are as follows :-
KcaC03 • • 4·56 X 10 9 Frear and Johnston (40} 
KMgC03 1 X 10 5 Kline (41 )  
KMg (OH) 2 5 X 10-1
2 Kline (41 ) 
Kl 4·31  X 1 0 7  Macinnes and Shedlovsky (42) 
K2 4·69 X 10 -ll Harned and Sholes (43) 
Kw 1 ·008 X 10 14 Harned and Hammer (44) 
For calculation of variations, due to ionic strength, in the value of the constants, 
use has been made of the following expressions :-
pK'l = pKI -
fL ! 
1 + 1 ·4 fL t 
pK' 2 = pK2 -
2 fLt 
1 + 1 ·4 fL t 
fLt pK' pK - --w w 1 + 1 ·4 fL! 
Macinnes and Shedlovsky (45) 
Harned and Sholes (43)  
Harned and Cook (46) 
Harned and Hammer (44) 
An expression for approximate calculation of the variations in the constants for 
CaC03 and MgC03 may be derived from the following modified form of the
Debye-Huckel equation (:McKinney ( 47 )  ) , which may be regarded as valid in
dilute solutions :-
· 
A 
log e a = - v2 fL t (DT)3/2 
E3 N ( 87T ) t
where A = 
2k Rt 1000 
In these expressions, " a " represents activity, " v " valence, and " fL , ,
ionic strength, while 
D = Dielectric constant of the solvent (for water 78·54 at 25° C. ) .  
T = Absolute temperature (Kelvin thermodynamic scale) .  
E = Charge on the electron (4·774 x 10 10 e .s .u . ) .  
N = Avagadros number (6·061 x 1023 ) .
k = R;N Boltzmann's molecular gas constant ( 1 ·372 x 10 16 ergj°K per
molecule) 
R = Gas constant (8 ·315 ergj°K per gram mole ) .  
(International Critical Tables) .  
If in the above expression these values b e  appropriately substituted, then 
we have at 25° C. (298· 1 °K) .  
log a = - 0·5 v2fLt. 
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From the mass law equation [Ca + +] [C03 =] = K'caC03, and the activity
product is given by 
(Ca + + ) (003 =) = [Ca + +] [003=]  aca aC03 
Thus K'caCO 
= 
KcaCOa 3 aca aco3 
.Since Ca + + and 003 = are of the same valence, aca = aco thus3> 
K'  KCaC03CaCOa a2Ca
<Or log K'caCOa = log Kcaco3 - 2 log aca
:But also log a = - 0·5 v2 p. t 
<Combining these two expressions and substituting v =
 2, we have 
log K'caC03 = log KcaC03 + 4 p.t.
TABLE 3 .  
"VALUES OF CONSTANTS FOR VARYING TEMPERATURES AND IONIC STRENGTHS. 
Temp. Ionic Strength. 
•c. 0·000. 0·001. 0 ·003. 0·005. 0·007. 0 ·008. 0·009. 0· 010. 
K'1 x l07 
2 ·61  2 · 80 2 · 93 3 ·03 3 · 10  3 · 1 3  3 · 1 7  3 ·20 0 
10  3 ·34  3 ·58  3 ·76  3 ·87  3 ·97  4 ·01  4·05 4·09 
20 4·05 4 ·34 4·55 4 · 70 4 ·81  4 ·86  4 ·91  4 ·96  
25 4 ·31 4·62 4 ·85 5 ·00 5 · 1 2  5 · 1 8  5 ·23  5 ·27  
30 4 ·52 4 ·85 5 ·08 5 ·24 5 · 37  5 ·43 5 ·48 5 ·53 
40 4·85 5 · 20 5 ·53 5 ·62 5 · 76  5 · 82 5 ·88 5 · 93 
K'• X lOll 
2 ·36  2 · 98 3 · 1 7  3 ·33  3 ·40 3·47 0 2 ·7 1  3 ·53  
10 3 ·24 3 ·73  4 · 10  4 ·36  4 ·58  4 ·67 4 ·77  4 ·85  
20 4 ·20 4 ·83 5 ·31  5 · 65 5 ·93 6 ·06 6 · 1 8  6 ·29 
25 4·69 5 ·39 5 ·93 6 · 3 1  6 · 63 6 · 76  6 ·90 7 ·03 
30 5 · 1 3  5 ·90 6·49 6 · 90 7 ·25  7 ·40 7 ·55  7 ·68  
40 6 ·03 6 ·93 7 ·62  8 · 1 1  8 ·52  8 ·70 8 ·87  9·03 
K'w x 1014 
0 · 1 15 0 · 123 0 ·129 0 · 1 33 0 · 1 3 7  0 · 138  0 · 140 0 • 141  0 
1 0  0 · 298 0· 320 0 ·335 0· 346 0 · 354 0 ·358 0 ·361 0 ·365 
20 0 ·681  0 · 730 0· 766 0· 790 0 · 809 0 · 8 1 8  0 · 826 0 · 833 
25  1 · 008 1 ·081  1 · 133 1 · 1 69 1 · 198  1 · 2 1 1  1 · 223 1 · 233 
30 1 · 460 1 · 57  1 · 64 1 · 69 1 · 74 1 · 75 1 · 77  1 · 79 
40 2 · 9 16  3 · 1 3  3 ·28  3 ·38  3 ·47  3 · 50 3 ·54 3 ·57 
K'caco , x 10
' 
0 9 ·50 12 ·71  15 · 73 18 ·22  20·53 2 1 · 64 22 ·77  23 ·86  
10 7 ·07  9 ·46 1 1 · 7 1  13 ·56  15 ·29 1 6· 1 1  16 ·94 17 · 76  
20  5 ·25  7 ·03 8 ·70 10·07 1 1 · 35  1 1 · 96  12 · 58  13 · 19  
25  4·56 6 ·09 7 ·54 8 · 73 9 ·84 10 ·36  10 ·90 1 1 ·43 
30 4·03 5 ·39 6 ·68  7 ·73  8· 7 1  9· 1 8  9 · 66 10 · 1 3  
40 3 ·06 4 ·09 5 ·07 5 ·87 6 · 62 6 · 97 7 · 33 7 ·69  
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Macinnes Harned and collaborators have given recent data on tempera-: 
ture variations in the various constants. In Table 3 these have been combined\
with the ionic strength expression to give values c overing the limits of variation 
due to l:ioth factors for most natural waters.
Table 4 sets out the differences in values of the various constituents of a 
carbonate equilibrium calculated from both the full and the abbreviated expres­
sions outlined earlier. For these calculations a titratable base value of 2·50
milliequivalents per litre has been assumed, and the table covers the pH range of
4·5 to 11·0 in 0·5 unit steps. Fig.  1 shows these figures diagramatically, p values
being used for convenience in plotting in the case of [C03=]  and [ C02] ; 
[H003-] and [HC 03-] + 2 [ C03= ] + [ O H-] are shown in ordinary units also _ 
It will be seen that the simplified expressions fulfil requirements, within the 
limits of experimental error, to pH readings ranging up to 10. In applying the 
expressions to analytical work, titratable base and pH are taken as measured 
data. Methods adopted for these determinations are described later. In general 
it is considered that under the conditions employed in the work later considered,
most probable sources of · error were in pH measurements. The following treat­
ment defines mathematically the variations resulting in [HC03-] values from 
small errors .in pH determinations for any assumed titratable base value. 
   
If in the expression (H003 )  =    
2K2 + (H + )
then x 
If b is written for (B + + )
h i s  written for ( H  + )
x is written for (H00 3 ) 
and k for K2 
b h
2k +h 
:.  x + Sx = 
b (h + 3h)
2 k + h + 3h 
:. QX 
b (h + 3h) bh 
2 k + h + 3h 2k +h 
b 3h {2k + h) - bh 3h 
(2 k + h )2 + 3h (2k + h)
2 bk 3h 
(2 k + h )2 + 3h (2 k + h)
2 bk 
(2 k + h)2 
3h (for infinitesimal values of 3h)
It follows from this that as " h "  decreases (2 k + h)2 decreases, and thus 
3x increases, i .e . ,  as the " pH " increases, small errors in " pH " values produce 
progressively increasing errors in the calculated values of (H00 3 ) .
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The difference in x ( [HC03 ]) values for any variation in h (H +) is show1
by summing the small variations of x for small variations of h over the interval : 
Also 
and 
2bk 
i.e. E OX = E oh where h ranges from p to q.(2 k + h)2 
i .e .  [': x f q q 2bk h - 2bk (2k + h)2 0  + h) 2J p p 
bh 
X = :. X 
b2 h2 
(2k + h) ; 2k +h 
2 bk 
ox = oh 
(2k + h) 2 
ox 2k 
x2 - b
 
for infinitesimal values of ox and oh.
I£ these be summed over required intervals, then
ox 2k oh 
E - = - E -x2 b h2 
i.e. , 
 l l 2k ( l l ) · - - - - = p (say)· · x1 - x2 b h1 - h2 
l l 
i .e . , - = p 
x x1 - l": x 
i.e . ,  /": x = 
p x1
2 
where p = � _ 
 
l + px1 b h1 h2 
Thus may be determined a,ny variation in x  ( H C03-) in terms of any 
.starting value for x and the corresponding value of h.  
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It is clear that errors in calculated values due to small errors in pH 
measurement are negligible up to pHS, but that after this value they becoma 
progressively larger and reach significant proportions after pH9. Examination 
of the foregoing graph demonstrates this point. In the case of the [HC03-]! 
curve (m.e ./1. ) ,  a steep gradient commences at pH 8 to 9. Relative errors in 
calculated [HC03-] due to errors of 0-1 unit at pH values of 8, 9 and_ 10 respec­
tively, are approximately as follows, on a titratable base datum of 2-50 
milliequivalents p er litre :-
pH [HCO, j m.e./1.
---- ·------
7 ·9  2·48 
8 ·0 2·47 
8· 1 2·46 
8·9 2·24 
9·0 2 · 19  
9· 1 2· 1 1  
9 ·9  1 · 1 2  
10 ·0  1 · 00 
10· 1 0 ·85 
Error 
m.e./1.
Error Per cent. 
--------
0·01 
0 ·01 
0 ·05 
0·08 
0 · 12  
0· 1 5 
0 ·4. 
0·4-
2 ·�  
3· 7 
12 
15 
Corresponding errors would occur in the computed values of [ C 03 = ]  and [ C 02 ] . 
The dimensional characteristics of the various terms of the expressions 
suggest the foregoing points. 
[HCO -] = _ [B + +J [H +] where K' = 6·9  x 10 - 11 (t = 25° C . ·  = 0·009)a 2 K' 2 + [H +] 2 ' 
 • 
Obviously the magnitude of K' 2 is such that its effect in the denominator is 
negligible until an [H + ]  value of about 10-9 is reached. Similarly at [H + ]  
values of 10-10 and less, the K'2 figure becomes predominant, and the accuracy of
the constant value itself and the equations for its variation with temperature 
and ionic strength become important considerations. Except for highly 
mineralised waters, influence of ionic strength under normal conditions of pH 
may be neglected, for activity coefficients may be taken as unity with considerably 
lower errors involved than those inherent in analytical procedure. While the
algebraically deduced expressions set out above may not be sufficiently accurate 
for precise overall quantitative application, they have been used in the work to 
be described later, for here they have been applied to conditions where gross
errors do not ensue and they present the only feasible means of obtaining an 
approximately correct quantitative statement of the relative concentrations of 
the various constituents in a very dilute carbonate system such as a natural water. 
In any water containing C a  + + and l\ig+ +, with progressive removal of
�ree C02 and resultant movement of equilibrium to produce corresponding
mcreases in C03 = and OH- concentrations, conditions tend to approach the points 
favourable to precipitation of the Ca and Mg in solution. The appropriate 
constants are given variously in the literature as follows :-
Calcite (Ca + + ) (C03 = ) = 0·87 x l0 8 25°  C. Johnston and Williamson (47 )• 
0 ·93 x 10 8 McCoy and Smith (48) 
0·72 x 10 8 Seyler and Lloyd . . (49) 
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Nesquehonite (Mg + + ) (C03 � )  = 0·81  x 10 - 4 Johnston . . (50) 
Magnesium Hydroxide (Mg + + )  (OH - )2 = 
3 ·4 x lO -ll 1 8° C. . . Kohlrausch and Rose (51 ) 
1 ·2 x lO -ll . . Dupre and Bialas . . (52) 
More recently Frear and Johnston ( 40 ) have given the constant for Calcite a · 
4-56 x 10-9 at 25°  C . ,  while Kline ( 41 ) has determined the constant for
nesquehonite as 1 x 1(}--5 and for magnesium hydroxide as 5 x 10-12 , both at 25° C .
In subsequent applications of these constants in this report, these late l '  
values have been adopted. 
The question of the precipitation of the carbonate is involved, by reason 
of the existence of several modifications of each. Thus calcium carbonate may 
exist as calcite, aragonite and fL CaC03• It is known that this latter form change · 
to calcite in water in a few days. Again calcite may appear as spherulites or a · 
amorphous Ca.COa, various samples of the amorphous variety showing difference · 
in properties which are probably related to fineness of grain, i .e . ,  to extent of 
surface in relation to mass . Similarly, in the case of magnesium carbonate, then: 
are possible the three forms-trihydrate, monohydrate and anhydrous MgC03 .  
The trihydrate, nesquehonite, i s  the stable phase in contact with water at  25° C .  
As far as the carbonates are concerned, in any solution saturated with 
respect to both, the following broad relationship may be regarded as holding at 
25° C . :-
[Mg + +] [C03 �]  = _i_
x 10 -� =2200_ 
[Ca. + +] [C03 �] 4·56 x l0 -9  
Therefore in  any water containing JH.g+ + and Ca + + ,  so  long as the above ratio
is less than 2,200, nesquehonite may not precipitate as a separate and distinct 
solid phase, although Mg ( OH ) 2  may do so if the pressure of C02 falls below 
the critical value, and under this condition precipitated CaC03 may readily 
contain Mg (OH ) 2. Other factors, however, enter the question, such as the 
formation of dolomites, the occurre,nce of i\IgC03 in solid solution with Ca.C03 • 
and the possible formation of sparingly soluble basic carbonates of magnesium. 
The conditions under which Mg ( OH ) 2 becomes the stable solid phase in 
equilibrium with the solution have been determined by Kline ( 41 ) .  As the 
partial pressure of C02 decrea<>es, a corresponding increase occurs in the ratio 
of ( OH-) to ( C03= ) ,  and in view of the relative values of the constants of the 
hydroxide and carbonate, there must exist a pressure below which the former 
becomes the stable solid phase. This pressure has been estimated at approximately 
0-0004 atm. ,  slightly higher than that obtaining normally in the atmosphere. 
Of the numerous basic carbonates reported in the literature, Larsen ( 53 )  
and Ijevi ( 54 ) , using microscopic and X-ray methods, have shown some at least 
to be indefinite mixtures, and the probability is that all are so . If there exist 
any partial pressure within which a basic carbonate is the stable solid phase, i1 
may be assumed to lie within the zones of stability of the normal carbonate and
the hydroxide. No indications to support this appear from Kline 's determina­
tions, extracts from which are Bhown in Table 5 . 
Evidence concerning the nature of dolomites is somewhat vague. Spangen­
berg ( 5 5 )  has suggested that dolomite is not necessarily a compound, but a solid 
solution of calcite and magnesite . He places the limits of miscibility between 
the proportions Ca.C03,  2MgC03 and 2CaC03,  MgC 03, indicating that normal 
dolomite is an equimolecular solid solution, and that any appreciable divergence 
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TABLE 5. 
OBSERVED MEAN MOLALITIES OF SOLUTIONS IN EQUILIBRIUM WITH A SERIES OF PRESSURES 
oF C02 @ 25°C. 
P. 
0 · 0001 07 
·0 · 0002 1 0
0 · 0003 1 0  
0 · 0003 80 
0 · 0005 1 0  
0 · 000930 
0 ·00690 
0 · 0 1 5 0  
(Kline) .  
Mg + +  X J 03 HCOs - COs  X 103 :-<103 llt .  ll2 . ms . 
4·33 4 · 8 8  1 · 89 
7 · 0 8  8 · 0 6  3 · 05 
1 0 · 1 3  1 1 · 84 4 · 2 1  
1 3 · 5 5  1 4 · 3 2  6 · 3 9  
1 4 · 3 7  1 7 · 1 0  5 · 8 2  
1 6 · 24 2 1 - 1 9  5 · 6 5  
2 5 · 0 7  44· 6 8  2 · 7 3  
3 1 · 2 7  60·22 l - 1 6  
P partial pressure of C02 
m1 millimolality of Mg 
m2 millimolality of HC03 
C03 m3 = m1 - im2 
11-
0 · 0 149 
0 · 0243 
0 · 0346 
0·0470 
0 · 0489 
0 ·0544 
0 · 0 7 7 9  
0 · 0950 
11- ionic strength from data in columns 2, 3 and 4. 
OH -
X 105 
ffi4 , 
3 · 8 4  
3 · 2 3  
3 · 2 2  
0 0 
0 0 
0 0 
0 0 
. .
Solid Phase. 
0 0 
0 0 
Mg ( OH}2 
. . 
0 0 
MgC03 •3H20 
0 0 
0 0 
The above figures show that the concentration of C03  increases up to a maximum at 
-a partial pressure of about 0 ·0004, after which a progressive decrease occurs. 
from this point found in natural dolomites is due to changes in the composition, 
and not necessarily to admixture of accidental impurities. Mitchell ( 5 6 )  states 
that it is impossible to decide definitely whether dolomite is a singular point in 
a series of solid solutions or whether it is a compound. Klahn ( 57 )  considers 
that high concentration of magnesium salts, still water, and the assistance of 
living organisms are necessary conditions for building of fresh water dolomite. 
Halla ( 58 )  has concluded from X ray studies that dolomite has the structure 
CaMg ( C03 ) 2  .and similarly calcite is Ca .Ca ( C03 ) 2 , while aragonite is Ca003•
In respect of the mechanism of the formation of dolomites, there is 
considerable divergence of opinion, and many references to the question are to 
be found in the literature . Broadly, dolomites have been claimed to be formed 
in  the following ways :-
A. As a primary deposit.
1. As an original precipitate.
2 .  As a constituent of marine organisms forming the deposit . 
3 .  As fragments of pre existing dolomites re incorporated in a 
sediment. 
B. As a magnesium replace•ment of a limestone.
1 .  Replacement while still under water as a growing sediment. 
2. Subsequent replacement in the rock by ground water.
3. Replacement by other waters ( from igneous injections, &c. ) .
C .  As a leaching of lime front rocks with a consequent increase in JYig.
content. 
1 .  Leaching from the rock by surface waters. 
2 .  Submarine leaching while the sediment is still forming. 
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Among the important contributions, other than the ones quoted, are those 
of Steidtmann ( 59), van Tuyl ( 60),  Twenhofel ( 61),  Wallace ( 62) and Rastall 
( 63) .  Irving and Becker (quoted by Wallace) suggest the possibility of a pH 
value of about 10 being favourable to the co precipitation of calcium and 
magnesium. Pfaff (quoted by Steidtmann) found that under normal conditions 
the action of H2S in water on magnesium and calcium carbonates, followed by 
the introduction of C02, is eff·ective in producing dolomite . The literature reveals 
a general tendency to rely, for explanation, upon action of type B.1,  i .e . ,
replacemnet of Ca. by Mg., while still under water as a growing sedime,nt, a view
not clearly reconcilable with chemical theory. The formation as a primary 
precipitate appears to be accepted only in the case of hot enclosed seas of highly 
saline waters . Twenhofel considers that replacement in marine waters before 
consolidation of the ooze is the important process, and he points out the invariable 
presence of ferrous iron in dolomite, suggesting a reducing environment during 
the growth of the dolomite crystals . Experiment has thrown little light on the 
formation of dolomite, and he suggests that further experiment should be done 
through the medium of ferrous calcium carbonate . 
Krotov (64) explains the phenomenon of dolomitisation in terms of the 
Haidinger reaction :-
He suggests that the equilibrium is displaced to the right because of the insolu­
bility of CaS04 in concentrated magnesium sulphate solution. On evaporation 
of sea-water the high concentration of MgS04 is reached only when the solution
is already saturated with NaOl; it was therefore to be expected that dolomites 
would contain NaCl as impurity, a supposition which has been verified. The 
insoluble CaS04 formed at the same time has also frequently been found. 
Riviere ( 65) has found that pure chalk left in contact with sea. water for 
eleven months contained 8 per cent. dolomite . 
In the coral island of Funafuti it has been found that the percentage of 
magnesium increased with depth of the boring, and at 1 ,000 feet the rock was 
practically dolomite . An increase in percentage of magnesium with depth was 
also found from borings at Heron Island, but the degree of dolomitisation of 
the Great Barrier Reefs is very much less than in the case of the Funafuti reef . 
Apart from the important factor in the precipitation of Ca. and Mg. 
through the action of algae and higher aquatic green plants, certain bacteria, 
under favourable conditions, play a definite role . Drew (65),  in an investigation 
of the chalky mud fiats forming the Great Bahamas Bank, attributed the precipi­
tation of CaC03 from sea water to an organism he classed as Bacterium Calcis . 
Kellerman and Smith (67) later showed this organism to be Pseudomonas Calcis. 
The denitrifying bacteria give rise to ammonia, and, in the presence of C02 
producers, the nett result may be written thus-
Thiel (68) has pointed out that not only Pseudomonas Calcis, but also the 
urea bacteria are able to tiring about the precipitation of CaC03 under certain 
conditions, as also are the strictly anaerobic sulphate reducing bacteria, while the 
very active cellulose and hemi cellulose destroying organisms may indirectly be 
partly responsible . 
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Reactions in which bacteria appear to play a fundamental role are as 
follows :-
( NH4 ) 2 COs + CaS04 CaCOs + ( NH4 ) 2  SO • .
CaS + C02 + H20 
 
H2S + CaCOs ·
Ca ( HCOs ) 2  + 2NH40H 
 
CaCOs + ( NH4 ) 2 COs + 2H20 .
Ca ( COO.CH3 ) 2 + 0 2  � CaCOs + 3H20 + 3 C .  
Ca ( HC Os ) 2  
 
CaCOs + H20 + C02 •
Thiel ( 69 )  found, in mud from the Bahamas Bank, 56 ,500,000 organisms 
per gram, of which 15 per cent . were of the Pseudomonas Calcis type and 70 per 
cent. of the Spirilla type capable of producing ammonia from organic matter. 
Mawson ( 70) records analyses of three  limestone deposits of South
Australia, two of which he attributes to algal deposition and one to causes other 
than organic. They are as follows :-
Si 02
Al2 03 
Fe203 1_ 
Fe 0 J 
Mg O 
Ca 0 
H2 0 
P2 05 
co. 
( i. )  Discoid " biscuits " from Biscuit Flat attributed to Myxophyceae­
Gleocapsa and Shizothrix fasciculata-biscuits definitely calcite 
( Plate 54) . 
( ii. ) Reef at Karatta Creek. Attributed to four varieties of Algae, the 
most conspicuous type resembling Lithothamnion. Deposit 
definitely Aragonite. Lithothamnion deposits are generally 
reported as calcite , and the Karatta organism was probably not 
a true Lithothamnion ( Plate 53 ) . 
( iii. ) Dolomitic lake marl deposit . Deposit of highly dolomitic character. 
The water contains high concentrations of magnesium salts, 
which, under warm summer conditions, would exert an appreciable 
dolomitising effect on precipitated CaCOs ( Mawson) . 
The analyses are given in Table 6 .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
-
TABLE 6 .  
ANALYSES OF MAWSON'S LIMESTONE DEPOSITS. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .
. . 
. . 
. . 
. .  
. . 
. .
. . 
. . 
. . 
. . 
Discoid Biscuit. Karatta Reef. 
1 · 24 2 · 9 3  
0 · 0 2  0· 1 7  
0 · 2 8  0 · 1 3  
1 · 80 4 · 7 3  
5 1 · 7 5  43·54 
2 ·08 9 · 94 
0·09 trace 
42·73 38 ·43 
Dolomitic MarL 
5·80 
1 ·04 
0 ·22  
1 2 -46 
28·60 
6·26 
. .
32·56 
Organic matter. . . . . . . . .  . . 1 · 5 8  
Water soluble sa.lts . . . . . . . . . . 1 1 · 14 
In regard to analysis ( iii. ) ,  Mawson . states that " to absorb calcium and
magnesium in the form of carbonates, about 36  per cent. C02 is required as against 
32-56 per cent. found, ' '  and he suggests that ' ' some of the calcium or magnesium 
is in another form. " In this case, where precipitation was not necessarily the 
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result of algal activity, slow evaporation: or dimi;nution � in partial pressure of002 could have induced the deposition. In any case t seems reasonable to assun;te
that conditions obtained favourable to the formatwn of Mg (OH)2 as a sohd 
phase. Examination of Mawson's analyses shows that �he various deposits.
carried the following percentages of carbonates and hydroxide :-
Analysis. caco •. MgCOa. Mg(OH),. 
(
ii.) 
i.) Discoid 
Karatta reef 
Biscuit 3.
8.06
78
77
92.41 
.75
4.77
1.29 (
iii.) Dolomitic ma( rl 51.07 19.26
 
  
Analysis of water soluble salts of (iii.) is given as follows (expressed as 
percentage of total deposit) :-
Calcium sulphate 
Magnesium 
chloride 
sulphate 
Magnesium 
Sodium chloride 
Total 
Per cent. 
1
0.71 
.02 
0.51 
8.90 
11.14 
Ower ( 71) reports "biscuits" of algal origin the· "size of slabs" m 
Yucatan, these being used as road material in Belize ( British Honduras). 
Fenton and Fenton (72) report that fossil algae are abundant at several 
horizons in three of the major geologic formations of Glacier National Park. 
This paper describes certain of these algae, discusses their stratigraphic relation
ships and reviews evidence concerning the environment in which they lived. 
Blackwelder ( 73), discussing the origin of the Bighorn dolomite of 
Wyoming, suggests that the peculiar structures are of organic origin and 
considers that the more massive coralline algae, such as the modern genus litho­
phyllum, are probably the only organisms capable of making such structures. 
He suggests the deposits were initially limestone, the mechanism of the subsequent 
dolomitising processes being obscure. 
Richards and Bryan (74), describing algal limestone from Gigoomgan 
( Q.) in a deposit at least 1,100 feet thick and several miles in length, show it to 
be made up almost entirely of micr:oscopic algal remains, these being filamentous 
and fasciculated Myxophyceae forms resembling Mitcheldeania. 
Fritsch ( 1), discussing the formation of deposits of calcium carbonate and 
silica through the activities of algae, states the deposits around hot springs in 
many parts of the world consist of brightly coloured basins of travertine or 
sinter, the shades of yellow, red, pink, blue and blue green being due to the 
presence of the coloured algae within the deposit. Weed (quoted by Fritsch) 
states that travertine formation by Myxophyceae in Yellowstone National Park 
occurs at the rate of 1 ·25 to 1·5 m.m. (thickness) in 3 days. On the shores of 
Great Salt Lake, Utah, species of Gleocapsa and Gleothece have been responsible 
for the formation of oolitic calcareous grains, while Shizothrix Fasciculata forms: 
spherical calcareous pebbles on the bottom of Lake Belvedere , near Mullingar, 
in Ireland. (Fritsch.) Certain species of Shizothrix have their strata usually 
encrusted with calcium carbonate, while in Rivularia Dura particles are deposited 
within the mucilage of the colonies. 
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In Table 7 are set out results of analyses made on a deposit taken from
one of the slow sand filters of the Brisbane purification plant. This deposit 
formed 5 to 6 feet below water near the sand level of the filter, and on the 
protru ding end of the 2 inch wrought iron ( originally galvanised ) connecting 
pipe to the loss of head gauge chamber. The deposit was 6 to 8 inches long, 
3 to 4 inches wide and the thickness varied from 0·5 to 1 inch. The inner portion 
was porous and covered by dense compacted layers. Analyses of the three 
apparent layers show only minor variations in composition. Microscopic 
examination revealed the presence of the remains of several small algal forms 
embedded in the mass, which were identifiable. The deposition took place over 
a relatively short period during which the predominant algal inhabitants of the 
filters were Spirogyra and Cladophora. Base and acid radicals other than those 
shown ·were present in traces only. Free water and organic matter were not 
determined separately, but averaged conjointly, 7 to 8 per cent. of the total ; 
the organic matter constituted a small proportion only of this . The analyses 
show the material to be made up, principally of calcium carbonate and magnesium 
hydroxide, with low percentages of MgC03 present .  Although the proportion 
of MgC03 in each case is small, its presence is definite ; triplicate analyses were 
made and deviations were considerably lower than would be required to explain 
it in terms of experimental error. 
The building up of this deposit on the pipe was probably initiated by the 
first corrosion of the iron, in which dissolved oxygen and C02 would be removed 
from the water ; if the water were saturated to calcium carbonate, as it almost 
surely would be, the equilibrium shift resulting from C02 removal would cause 
a primary film of CaC03 to form at the point of corrosion. ( This principle is 
involved in the alkali correction of the filtered supply to ensure maximum protec
tion to mains and freedom from so called ' ' red water ' ' ;  soda ash or hydrated 
lime is added to bring the water to saturation with calcium carbonate before 
admission to trunk mains ) . This film, having been formed, would then present 
a nucleus for the progressive building up from water supersaturated to C a0030 
through algal activities. 
As has been stated the structure  of the deposit varied in well defined 
courses from a porous, pitted condition to a hard compacted mass. Somewhat 
similar variations occur in boiler scales, but, in general, they may be linked with 
sulphate and silicate constituents and rate and temperature of deposition. In 
this case sulphate, except in traces, was absent and silica was comprised 
principally of diatom skeletons easily recognisable by microscopic examination_ 
The porous nature of the middle section is readily explained in terms of the fact 
that during the period of growth of this section, it was submitted to recurring 
exposures to waters of pH values from 5·5 to 6 ·5 ,  carrying excess C02 resulting 
from treatment with ·aluminium sulphate for clarification purposes. These waters 
would have a marked solvent action on such a deposit and the general appearance 
suggests a selective leaching although there is no evidence to support this. 
Experience with removal of carbonate scale by inhibited IICl has shown that 
the action is not uniformly distributed over the exposed surfaces ,  but that 
it produces a marked pitted effect. Works records show that the time of growth 
of the whole deposit may be divided broadly into a first period of two to three 
months during which coagulation with aluminium sulphate was not practised, 
followed by a long season of intermittent flushes of turbidity requiring treatment, 
with this, in turn, succeeded by another period of clear raw water conditions. 
During the periods of clear water, high concentrations of titratable base were 
present in applied waters and pH values ranged about 8 ;  in the filters algal 
growths were abundant. 
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The high iron content of the pipe surface layer results from contact with 
the corroded wrought iron pipe .  The high silica  content is attributable to the 
entrapping of diatoms, the variations in this constituent being due to seasonal 
variations in diatom concentrations in the water. The Al203 is due to lodgment 
on the mass of coagulant floc. 
From the analyses it will be seen that the porous layer carried higher 
Al203 than the outer layers, this constituent arising from deposition of coagulant 
floc from the applied water during periods of treatment . The nature of the 
deposit would also depend on the rate of its formation, which would vary with 
the changing characteristics of the water and the concentration and growth rate 
of the algae responsible for the equilibrium disturbances. 
At various times small deposits of a similar nature have been found on 
the surface of the slow sand filters after draining down for cleaning, and they 
seem to have developed on nuclei deposited on individual sand grains. Such 
deposits have not been seen in recent years, out were found when demands on 
supply were much lower, and filter runs, with clear applied water, were as high 
as three to four months duration ; under these conditions of infrequent draining 
down, algal growths flourished and supersaturation to CaC03 within the filter 
itself was the normal state .  
Table 8 shows analyses of three deposits, one being from a slow sand filter" 
and the other two from experimental glass tanks, covered and not subject to 
appreciable evaporation, and at no time exposed to direct sunlight. Spirogyra 
was the principal algal form in the filter during the formation of the specimen 
( i . )  and its development occurred rapidly ; in the case of ( ii . ) ,  chlorococcus 
predominated, the deposit occurring more slowly than ( i . )  but more rapidly than 
in the case of ( iii. ) ,  which accumulated very slowly in a tank inhabited almost 
exclusively by filamentous blue green algae ( Plates 55-56 ) . 
All samples carried considerable diatom silica, this being particularly high 
in sample ( ii . ) . As in the treatment of all the deposits set out in this paper,. 
analyses were made on air-dry material, consequently free water is relatively 
high, values being 6 to 9 per cent. where generally clean samples were obtainable . 
In the case of sample ( iii. ) in this series, where deposition was very slow,. 
considerable contamination with organic debris was present, the Ca.  and Mg. 
compounds comprising only 38 ·4 per cent. of the total with 8·3 per cent. silica 
and insoluble inorganic matter ; in (i . ) the corresponding figures were 84·4 per
cent. with 6 ·1 per cent. silica, while in ( ii . )  they were 54·7 per cent. with 38·9 
per cent. silica. The results of analyses are set out below ; S03, P205 ,  &c . ,  were 
present in traces only and are not shown. 
In this and other tables, magnesium carbonate has been set out as MgCOSo 
and not as Nesqu.ehonite-MgC03.3H20-the stable solid phase i;n water, for, as. 
has been shown, the deposition of magnesium carbonate as nesquehonite is most 
improbable . Samples ( i . )  and ( ii . ) were relatively free from organic matter,. 
an d algal debris would not have affected the Ca. and Mg. determinations ; in the 
case of ( iii. ) ,  however, this is not the case, as considerable algal cells were present 
in and inseparable from the carbonate material . 
. In these samples, CaC03 predominates but appreciable MgC03 is present 
11 all ; Mg ( OH) 2 is highest in the case of greatest photosynthetic activity and 
absent from sample ( iii . ) where activity was at no time strong ; as has been stated, 
however, there is some doubt as to the authenticity of this result, on account of
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the high organic matter content, the organic matter being principally of algal 
<>rigin. In a later discussion of deposits on aquatic plants, figures for Ca.  and 
Mg. content of various plants are set out in Table 22, among them Microcystis 
and Anabaena ( Myxophyceae ) .  From these it would appear that with 40 to 50
per cent. organic matter in sample ( iii. ) ,  the Ca. figure of 14·2 per cent. could be 
from 0·2 to 0·6 per cent . too high while the 0·85 for Mg. could be in error up to 
0·2 per cent . which represents more than 20 per cent. of the total magnesium 
present . 
TABLE 8 .  
ANALYSES OF  ALGAL DEPOSITS. 
(i . ) From Slow Sand Filter Spirogyra. 
( ii . ) From Experimental Tank Chlorococcus . 
(iii. ) From Experimental Tank Filamentous Myxophycc a e .  
As per cent . of total sample
Calcium as Ca . .
Magnesium as Mg 
CO, . . 
OH ( calculatecl)  
Silica and Insoln hle 
R,O, ( Mainly Al,O,)  
Water . .  
Organic Matter 
CaCO, . .  
MgCO, 
Mg ( OH ) ,  
A s  per cent. of total C a  and Mg Compo u n ds
CaCO, 
MgOO, 
Mg ( OH ) ,  
Gm. Eqt!ir./100 gm s. total Ca and Mg Compou n ds
CaOO, 
MgCO, 
Mg ( OH ) , 
( i . )  
27.5 
6 .0  
32 .0  
7 .2 
3 .0  
3 .1  
8 .2 }
1.3  
68 .8  
3 .3  
12 .3 
81.5 
4 .0 
14.5 
1 .63 
0 .10 
0.50 
( ii . )  
1 9 . 7  
2 .0  
22 .7 
2 .1  
3 7 .5 
1 .4  
6 .4 
49.3  
1 . 9  
3 .5  
90 . 1  
3 .5  
6 .4  
1 .80 
0.08 
0.22 
( iii. ) 
14.2 
0 .85 
17 .1  
8 .2  
53 .4 
35 .5  
2 . 9  
9 2 .4 
7 .6  
1 .85 
0 .18 
It is invariably found that when treatment with aluminium sulphate 
follows protracted periods of clear raw water, the slow sand filter effluents record 
.appreciably higher pH values than those of the applied treated water. 
Frequently an applied water of pH 5 to 6 emerges from the filter at 7 ·0  to 7 ·5 .  
After some days the effect diminishes and finally disappears. This fact, fuller 
discussion of which follows, led to investigations to determine the extent of 
.deposition of Ca.  and 1\:Ig. within the sand beds. In a typical series, samples 
were drawn from five sections at nine different depths throughout the sand bed 
in each of several of the filters. Table 9 shows the findings in one case, which 
was generally typical of all, the figures given for each section being average 
values over the full depth and representing grams · per 100 grams of sand. 
Variations occur from section to section, but these are to be expected as each 
filter has a surface area of one half acre and the distribution of algae is not 
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uniform.  _T�e determinations were made !n Noveml?er, i . e . , . after the vigorousspring activity and before the season of rams producmg turbid flow and makin"'
n ecessary treatment with coagulant. 
· "' 
TABLE 9 .  
CA AND MG.  DEPOSITS IN SAND FROM FILTER No. 3 .  
Sample Average over Full Depth. CaCOs gms./100 gms. sand. 
Mg (0H)2 
gms./100 gn1s. sand. 
Section
1 
2 
3 
4 
5 
O · l l  
0 · 1 0  
0 · 1 3  
0 · 1 3  
0 · 1 3  
0·05 
0 ·05 
0·05 
0·06 
0 ·06 
Extractions for Ca. and Mg. determinations were made with Nj20 H Cl, 
with twenty minutes agitation and warming to ensure solution of any dolomitic 
material that might be present . Check tests indicated that this procedure was 
adequate . Similar determinations were made on clean river sand as placed in 
the filters, and corrections applied accordingly. This method of correction for 
initial Ca. and Mg. present in the sand is open to question ; however, the 
analytical procedure was standardised and many samples were examined, and it 
is considered that the results present a reasonably close approximation to fact . 
As each filter carries nominally 2,400 cubic yards of sand ,  and as spot sampling 
is the only method possible , approximation to true values is the best that can be 
expected. Many river sand samples examined gave substantially constant results, 
with values low and averaging 0·04 gm. calcium calculated as CaC03 and 0·01 gm. 
magnesium calculated as Mg ( OH) 2 per 100 grams of sand taken. In the results 
set out, Mg. has been calculated to Mg ( OH) 2 ,  the possibility of the presence of 
Mg003 being neglected ; earlier analyses of filter bed deposits suggest that 
MgC03 would be  present, but in smaller concentrations than J'dg ( OH ) 2 •  Concen­
trations of carbonates in the sand are too low to allow reliable estimations of 
combined C02•  
Depth of 
Sa11plc. 
Inches. 
Surface . .  
2 
4 
6 
1 2  
1 8  
24 
30 
36 
. .  
. .  
. . . . 
. . 
. . . .
. . 
TABLE 10.  
CA.  AND MG. DEPOSITS IN SAND FROM SLOW SAND FILTERS . 
(Figures are Grams per 1 00 Gms. Sand) .  
Filter No. 1 .  
CaC0 3 . Mg(OH)2 . 
0· 1 2  0 ·05 
0· 10  0· 04 
O· l l  0 ·04 
0 · 1 0  0 ·05 
0 · 1 1  0 ·05 
0 ·20 0·08 
0 · 1 3  0 ·05 
0 · 1 0  0 ·05 
0· 1 0  0 ·04 
Filter No. 2.  
CaCOa . 
0 · 1 0  
O · I I  
0 · 1 0  
0 ·09 
0·09 
0· 10  
0 · 1 0  
. . 
. . 
Mg(OH)o .  
0·05 
0 ·05 
0 ·05 
0·04 
0 ·05 
0·05 
0 ·05 
. .
. . 
Filter No. 3.  
CaCOa .  
0· 1 3  
0· 1 2  
0 · 1 1  
0· 1 1  
0 · 14  
0· 14  
0· 14  
0· 1 3  
. . 
Mg(OH)2 .  
0·06 
0 ·05 
0 ·06 
0 ·04 
0 ·05 
0 ·06 
0 ·05 
0·05 
. . 
 
Filter No. 4.  
CaCOa ,  
0 · 1 5  
0· 13  
0 · 1 4  
0 · 14  
0 · 14  
0· 13  
0 · 1 3  
0 · 1 4  
. . 
Mg(OH) o .  
·--
0·08 
0·05 
0 ·06 
0·06 
0·06 
0·05 
0·05 
0 ·05 
. . 
Filttr No. 5 .  
CaCOa .  
0· 1 5  
0· 13  
0 · 14  
0 · 14  
0· 1 3  
0 · 1 2  
0 · 1 2  
. . 
. . 
Mg(OH)o ---
0·05 
0·06 
0 ·05 
0·05 
0 ·05 
0 ·05 
0 ·05 
. . 
. . 
Table 10 sets out more detailed figures for sand samples drawn from one 
section ( approximately central ) in each of five filters. At the time Filter No. 1 
was the only filter of the five examined which carried the full 36 inches of sand, 
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the top 18 inches having been placed some months prior to the tests. (Successive 
cleanings gradually reduce the sand bed and resanding to normal level is carried 
out as conditions permit during winter months, when demand is lowered and 
units may be put out of operation). The depths of sand in the other beds tested 
are shown in the last figures of the respective columns in the table. The resanding 
of No. 1 is shown by the maximum values at about the 18 inch level. Similarly 
Filter No. 3 had had approximately 12 inches of sand added at the same time. 
TABLE ll. 
W A11ERS FROM VARYING DEPTHS IN FILTERS CARRYING FILAMENTOUS ALGAE. 
Temp. 28'C. Ionic Strength 0·008. 
KCaCO, = 9·6 x 10-9• 
[OH-] calculated from [OH ] = K'w/[H+] 
[HCO-], [CO,=], [CO,] calculated from pH and titratable base determinations. 
Sample. 
-----------
Applied* . . 
Filter 3-
2.30 p.m. Surface 
12 inch 
Bottom 
Filtrate 
. .  
. . 
. . 
4.30 p.m. Surface 
12 inch 
Bottom 
Filtrate 
Filter 7
. .  
. . 
. . 
9 a.m. Surface 
12 inch 
Bottom 
Filtrate 
. . 
. . 
. .
11 a.m. Surface 
. .
12 inch . . 
Bottom 
Filtrate . . 
2 p.m. Surface 
. .  
12 inch . .
Bottom 
Filtrate . .
5 p.m. Surface 
. .  
12 inch- . .
Bottom 
Filtrate . .
. .
. . 
- . 
. . 
. . 
. . 
. . 
. .
. -
. . 
. .
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .
. .
. . 
. . 
pH [H+J 
X 
lOB 
--- --
7·9 1·30 
8·6 0·25 
8·1 0·80 
8·2 0·63 
8·0 1·00 
8·5 0·32 
8·1 0·80 
8·3 0·50 
8·0 1·00 
8·5 0·32 
8·1 0·80 
8·0 1·00 
7·9 1·30 
8·6 0·25 
8·1 0·80 
8·1 0·80 
8·0 1·00 
8·5 0·32 
8·2 0·63 
8·2 0·63 
8·0 1·00 
8·6 0·25 
8·3 0·50 
8·2 0·63 
8·0 1·00 
grani-mc,Jes per litre. 
[O [Hco--;J [CO al [ Ca++l HX -] X X X 
106 103 105 JQ3 
--- --- ---
1·20 1·90 1·03 0·59 
6·24 1·82 5·15 0·58 
1·95 1·89 1·67 0·59 
2·48 1·88 2·11 0·59 
1·56 1·80 1·27 0·55 
4·88 1·84 4·07 0·58 
1·95 1·89 1·67 0·58 
3·12 1·87 2·64 0·58 
1·56 1·80 1-27 0·54 
4·88 1·84 4·07 0·58 
1·95 1·89 1·67 0·59 
1·56 1·90 1·34 0·59 
1·20 1·84 1·08 0·58-
6·24 1·82 5·15 0·59 
1·95 1·89 1·67 0·59 
1·95 1·89 1·67 0·59 
1·56 1·86 1·31 0·58 
4·88 1·84 4·07 0·58 
2·48 1·88 2·11 0·59 
2·48 1·88 2·11 0·58 
1·56 1·78 1·26 0·55 
6·24 1·82 5·15 0·59 
3·12 1·87 2·64 0·58 
2·48 1·88 2·11 0·58 
1·56 1·76 1·24 0·54 
*Applied refers to water applied to filters. 
rca+ +J 
[Mg++J [C02] 
[COa J 
X 
X X lOo 
103 105 
--- --- ---
1·03 4·6 6·1 
1·04 0·9 30·4 
1·03 2·8 9·9 
1·03 2·2 12·4 
1·00 3·2 7·0 
1·03 l·l 24·0 
1·04 2·8 9·9 
1·03 1·7 15·6 
0·98 3·2 6·9 
1·03 l·l 24·0 
1·03 2·8 9·9 
l-03 3·4 7·9 
0·98 4·4 5·8 
1·03 0·9 30·4 
1·04 2·8 9·9 
1·03 2·8 9·9 
1·00 3·3 7·6 
1·04 l·l 24·0 
1·03 2·2 12·4 
1·03 2·2 12·4 
0·98 3·2 6·9 
1·03 0·9 30·4 
1·04 1·7 15·6 
1·04 2·2 12·4 
0·96 3·2 6·5 
[M��:H
+-+ 
[ O
X 
- ] 
1015 
--
1·5 
40·5 
3·9 
6·5 
2·4 
24·5 
4·0 
10·0 
2·4 
24·5 
3·9 
2·5 
1·4 
40·1 
4·0 
3·9 
2·4 
2·5 
6·5 
6·5 
2·4 
40·1 
10·1 
6·6 
2·3 
[Ca + +] and [Mg+ +] figures are averages of triplicate determinations on 500 mls. water 
filtered through Whatman No . 40 paper. 
Deviations from the mean were not in excess of± 0·01 millimols. 
In the case of [Ca + +], 0·01 millimol represents 0·4 mi. N /40 KMnO,. 
In the case of [Mg++J , 0·01 millimol represents 2·4 mls. KMnO, (4·17 gm/1). 
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While the concentrations of CaC03 and Mg ( OH ) 2  in the sand are very 
low, yet, in the aggregate, they amount to appreciable gross quantities. The 
nominal sand capacity of the slow sand filters in Brisbane is 24,000 cubic yards, 
and at the time of the above sand examinations it was estimated that the full 
filter installation carried approximately 30 tons of CaC03 and 12 tons of 
Mg ( Oil ) 2 • 
To determine the changes in characteristics wrought in the water through 
algal activity during its passage from inlet valve to sand surface of the slow
filter, samples of water were drawn at near surface level, at approximately 
12 inches below surface and at bottom. ( Each slow filter of Brisbane 's installa
tion of t en has a surface area of one half acre ;  water is admitted through a float 
controlled valve in one corner ; a depth of about 6 feet of water is imposed on a 
sand bed nominally of 36 inches depth resting on 18 inches of graded gravel 
layers supported on a filtered water collecting system which drains to a central 
channel . ) Table 11 sets out the findings of one series of tests, typical of several
made on a filter moderately strongly infested with filamentous green algae-in 
this case Spirogyra. In this table [ OH-] concentrations have been calculated 
from [ OH-] = K'w/ [H+ ] , [HC03-] and [C03 = ]  concentrations from the 
expressions previously set out. 
From this table it will be seen that while the applied water was 
unsaturated to calcium carbonate, through algal activity within the filters super
saturation was readily established. Near surface samples show highest super
saturation, for these were drawn in close proximity to floating masses of 
spirogyra ( Plate 48 ) which had broken adrift from the sand surface due to the 
buoyancy effect of entrapped bubbles of oxygen liberally evolv.ed during photo
synthesis. The values at 12 inches depth are lo·wer through dilution with water 
that had not had close contact with the floating algae nor had yet reached the 
algal covered sand surface . In Filter No. 3 the bottom sample values rise again, 
due to the activity of the sand surface growth which was much more intense 
than in the case of Filter No. 7 .  Frequently sand surface algal growths reach 
massive proportions ; when a filter is drained down for cleaning, after the surface 
has been exposed to the sun for a few hours for part drying, the mat of algae 
may often be rolled off in great sheets of appreciable thickness ; in works practice 
this mat is known as the blanket. The table also shows that the water issuing 
from the filters is somewhat undersaturated to CaC03•  Two factors combine to 
produce this result. In the first place the CaC03 in excess of saturation require­
ments is wholly or in part removed as the solid phase by contact with previously 
precipitated CaC(\ within the sand bed, and secondly, movement towards the 
stable condition is induced by bacterial and algal respiration of C02 with 
appropriate decrease in C03 = ion concentration, the decrease often being 
sufficient to establish unsaturation. The figures shown in the table are more or 
less typical of results found during dry periods of clear raw water supply with 
fairly vigorous algal growths ; at certain times higher supersaturation values 
obtain i,n the water entering the sand surface layer, while at others, with sparse 
algal populations, there is little change wrought in the applied water. On such 
occasions as the latter, through bacterial activity within the beds, the effluent 
waters frequently carry titratable base slighly higher than that of the applied 
water with appreciably lower pH values, indicating that C02 production is 
sufficient to redissolve previously precipitated material. This would also occur 
without bacterial activity if the applied water were materially undersaturated 
to CaC03•  This removal of precipitated CaC03 and :M:g (OH) 2 ( or MgC03)  is 
shown at its great.est with filtration of coagulated waters, a matter discussed 
later. Examination of the figures in the table shows that conditions were not 
attained favourable to the precipitation of l\1g ( OH) 2 ,  yet in most cases the 
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filtrate carried less JUg++ than the applied water. The Mg+ + could have been 
removed as a double carbonate with CaC03; at the same time deposits  in 
quantities adequate for precise analysis have been shown to carry Mg ( OH ) 2• 
Explanation for the presence of l\fg ( OH) 2 was sought in terms of the NH3 and
C02 producing organisms inhabiting the sand beds. 
Ca (HC03 ) 2  + 2NH40H --+ CaC03 + (NH4)2 C03 + 2H20. 
MgC12 + 2NH40H� l\Ig (OH)2 + 2NH4Cl. 
Many analyses were made on applied and .effiuenf waters at all periods 
over the 24 hours and on filters in various stages of operation. In very few 
cases was the ammonium nitrogen content of the filtrate in excess of that of the 
water applied to the filter, and then in amounts much too small to account quanti­
tatively for the magnesium deposited within the filter; values varied between 
0·01 and 0.03 milligrams per litre as N. Nor had it been converted to nitrite 
or nitrate, for although there is an appreciable diminution in dissolved oxygen 
content of the water in its passage through the bed, nitrite and nitrate concen­
trations in the filtrate are negligible. Neither Nitrosomonas or Nitrosococcus 
organisms which convert ammonia to nitrite, nor Nitrobacter which oxidise nitrite 
to nitrate, are at any time liberally distributed throughout the sand beds. Yet 
strictly aerobic Pseudomonads, particularly Pseudomonas fluorescens
(B .  fiuorescens liquefaciens) are invariably present in appreciable numbers ;
these organisms are not only capable of producing ammonia from proteid 
nitrogen, but also freely reduce nitrates and nitrites to ammonia and; 
in some cases , to nitrogen itself. It would appear therefore that ammonia,
if produced by bacteria in the beds, is reassimilated in elaboration of 
bacterial cell substance and does not remain free to increase the already 
low concentration present; and it is unlikely that conversion of 1\Ig+ +  
occurs a s  a reaction intermediate t o  release and rea�.similation o f  NH� 
in the extremely dilute conditions holding within the beds. A more probable 
explanation of the presence of Mg ( OH) 2 is to be found in the conditions holding 
in close proximity to the algal filaments themsdves, at the actual seat of photo­
synthetic actiYity. · In laboratory experiments with waters heavily populated 
with filamentous green algae, overall pH values in excess of 10  have been readily 
attained. In such grossly overpopulated environment, the pH values of samples 
drawn from within the mass of algae may be assumed to approximate the values 
holding at the water filament interface; it is reasonable to assume also that at 
the water filament interface considerably higher pH values are reached than 
those recorded by the water drawn as a bulk sample from the filter. In tables 
subsequently shown in relation to algal activities under laboratory controlled 
conditions, it will be fleen that , in water initially similar to that used to obtain 
the figures of the above table, Mg ( OH) 2 may be precipitated at pH values 
approximating 9 ·5. (Under heavily populated conditions with no free flow or 
water replacement, overall pH of approximately 1 0  to 10·5 appears lethal to 
filamentous green · algae-at or near this figure the cell wall softens and rapid 
degeneration of the chloroplasts occurs. In this respect Biebl (75) states that 
most algae (marine) tolerate pH variations from 6.8 9 ·6.) The explanation of 
the presence of Mg (OH)2 seems to lie in the high pH values (and corresponding 
low C02 concentrations) in the immediate environs of the algae, and under 
normal conditions this would happen at the sand surface under 5 to 6 feet of 
water where the algal mat ordinarily flourishes. Photosynthetic activity is 
vigorous at this depth provided the covering vvater is clear. Muttkowski ( 7 6 )  
has stated that the best light for photosynthesis i n  freshwater lakes i s  a diffiuse 
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or dispersed light, the optimum depth being three metres. Kl"qgh and Martin
(77 ) have shown that maximum growth ( marine algae ) develops at depths 
between one and two metres. Only 25 per cent. approximately of incident light 
penetrates to two metres depth in clear water. 
As contact time is an important factor both in regard to effects of photo
svnthetic activity and also in the reactions occurring within the sand bed, the 
f�llowing figures have been calculated in order to define this factor . They are
based on a 3 feet depth of sand covered by 6 feet of water, and assume uniform 
flow through the water space and the algal mat covering the sand. It is further
assumed that voids within the bed occupy 45 per cent . of the total sand bed 
volume, a figure which is the approximate mean of many routine determinations. 
For velocity through the sand bed itself, the assumption of vertical flow cannot 
be sustained, but the figure is given for comparative purposes. The figures cover
filter ratings of 1 to 3 million gallons per acre per day, these being the limits in 
operation, with an average rating of 1 ·5 tb 2 m.g.a .d.  
Bating m .g .a .d. . . 1 .0  
Water space ( 6 feet deep)
Vert.ical velocity in inches per hour through 
algal mat on sand surface ( assumed t he 
same as velocity in water space, i.e.,  volume 
of algal filament neglected ) . . 1 .8  
Detention time (hour s )  in water space . .  40 
Sand Bed ( 3 feet deep )
Contact time ( hours)  with sand 9 
Velocity through sand inches per )lour ( vertical 
flow assumed ) . . . . . . . . 4 
1 .5  
2 .7  
30 
6 
6 
2 .0  
3 .6  
20 
4.5  
8 
3 .0 
5.4 
13.3 
3 
12 
From these figures it is clear both, that the extremely low velocities of 
water through the water space and through the algal mat on the sand surface 
allow ample time for profound changes to occur within the water during periods 
of intense photDsynthetic activity, and that the time of contact of water with
the sand bed itself is equally of sufficient duration to allow effective contrarv 
developments. On the basis of the figures set out previously covering examin�
tions of the sand in the slow sand filters, the full installation in the Brisbane 
plant carried at that time approximately 30 tons of CaC03 and 12 tons of
magnesium calculated as l\fg ( OH ) 2 • · The presence of these materials allows 
appreciable economies in the consumption of soda ash and hydrated lime used 
for the purposes of corrosion control ( i .e . ,  establishment of saturation to CaC03 )  
particularly during periods of treatment with coagulant . 
During certain periods, as a result of algal activity, filter effluents issue 
in a state saturated to CaC03,  and no correcting chemical is required, the titrat
able base of the effluent being less than that of the applied water by from 3 to 10 
milligrams/litre calculated as CaC03• These conditions held for some months 
prior to the examinations of sand detailed above. At other times, however, 
periods of strong algal activity with clear water are interspersed with periods 
of slightly turbid water; during which algal growth is sparse and bacterial 
activity within the beds produces C02 in quantities such that the effi'uents are 
under saturated to CaC03 and yet carry titratable base of up to 5 milligrams/
litre, calculated as CaC03,  in excess of that of the applied water. At such times 
correcting chemicals are required, but the consumption is much lower than would 
be the case if the filters held no storage products, for then the full effects of
bacterial action would have to be met with added soda ash. 
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TABLE 
WATER S UPERHA'rURATED TO CaC 0 3 THROUGH ALGAL A=rvrTY
1 2 3 4 5 6 
--
7 8 
-· 
[Ca + + 1 Change in 
Time of 
[H + ] ] 
+ [Ca 
+ 
+ +1 
Agitation pH 3[OH - ] 
[c
X 
a + +
103 
l [�1g
X 
+ 
10
+
 (Mg + + ] Minutes. X (M
X 
g +
103 
+ ] 
103 
---
0 9·3 0·50 X 1·44 X 0·64 0·95 1·59 
10 -9 10 5 
15 8·9 0·13 X 5·54 X 0·43 0·84 1·27 0·32 
10 8 10 6  
---- ---
30 8·9 0·13 X 5·54 X 0·40 0·83 1·23 0·04 
I0 8 10 6  0·36 
45 8·8 0·16 X 4·5 X 0·37 0·84 1·21 0·02 
Temperature 19° C 
Ioni c  S trength f1, = 0·007 
K'1 = 4·75 X 10 7 
K'2 = 5·79 x 10 11 
K'w = 0·72 X 10 - 14 
K'caC0 3  = 11·7 X 10 9 10 8 10 6 0·38 
60 8 · 7  0·20 X 3·6 X 0·36 0·83 1·19 0·02 
10 8 10 6  0·40 
120 8·6 0·25 X 2·8 8  X 0·35 0·83 1·18 0·01 
J 0 8 10 6  0 · 41 
WATER UNSATURATED TO CaC03 
0 7·3 0·67 
10 - 7  
0·50 X 1·44 X 
10 7  
30 7·6 0·71 
10 - 7  
0·25 X 2 · 8 8  X 
10 7  
60 7·7 0 ·20 X 3·6 X 0·72 
10 7 10 7 
90 7·8 0·72 0·16 X 4 · 5  X 
10 7 10 7 
120 7·9 0·73 
I
0·13 X 1 5·54 X 
1o 7  10 7 
Algae within the filters, therefore, perform a most useful function, for 
not only do they eliminate the necessity for adding alkali during certain periods, 
but, also, during these same· periods, they cause to be stored within the sand the 
means for part correcting subsequent corrosive water resulting either from 
bacterial processes or from chemical coagulation. Thus in the year 1942 1943, 
correction was necessary on 353 days, only 12 days representing 230 million 
gallons requiring no alkali treatment ; in 1943 44, however, treatment was not 
called for on 118 days during which 1,632 million gallons of water were supplied. 
It is impossible to balance algal activity against bacterial activity, and no quanti­
tative picture of the question can be attempted. However, a titratable base gain 
or loss within the filters of 5 mgmjlitre calculated as CaC03, would represent 
1 ,000 lbs. CaC03 over 20 million gallons of water, the approximate daily consump­
tion in Brisbane.  For reference, the qual'ltities, average dosages, and the costs 
of chemicals used in the Brisbane works are set out in Table 14-chemicals, other 
than those used for correction of filtered waters, are shown as a matter of 
interest. Soda ash and hydrated lime are used exclusively for correction and 
not for coagulation. 
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12. 
SHAKEN WITH POWDERED CaC03 FOR. VARYING TIMES. 
 
! )  1 0  11 1 2  l :l l �  I :, 1 6  ] 7  1 ,"' 
-- -
------ -
---
----
---- -- -
-----
----- ----- -----
( ' l w.ngc Change Titratable Change [ca + +1  [Mg + + ] [IIfg + + l i l l  in Base in [HCO, - ] [CO, = ] [CO,] Titratable X X X 
[ ('a + +
[ 
[IIfg + + l [B + + ] Base X 103 X 1 0' X 10' [CO , ] [CO , = ] [OH - J' 
X 1 03 X 1 03 X 10' X 103 y 10' 
-
-
-
-
l - 1 4  1 · 84 244 1 ·9 1 56 2 · 3  X 2 ·0  X 
IO ' I0 13 
-
-
-
-
-
-
-
-
-
0 ·21  O · l l  0 · 80 0 · 34 1 ·46 75 4 ·0  32 6 ·3  X 2 ·6  X 
lO B 10 14 
-
--
-
--
-
--
--
-
-
0·03 0 ·01  0 ·78  0 ·02  1 · 43 73 3 · 9  29 6 · 1  X 2 ·5 X 
0·24 0 · 1 2  0 · 36 IO B I0 14 
-
-
-
-
-
-
-
-
-
-
-
-
0·03 0 ·01  0 ·76  0 ·02  1 ·41 58 4. · 8  22  4·9 X 1 · 7  X 
0 ·27  O · l l  0 ·38  lO B 10 u 
--
-
-
-
-
-
-
-
- -
-
-
-
- ----
--
-
-
--· 
0 ·01  0 ·01  0 ·75  0 · 0 1  1 · 4 1  4 7  5 · 9  1 7  3 ·9  X 1 · 1  X 
0·28 0 · 1 2  0 ·39 IO B 10 14 
----
---
- -
-
-
- -
-
--
--
--
-
- -
-
-
----
--
-
0 ·01  0 ·01  
I
0 · 74 
I
0 ·01  
I 
1 ·41  
 
37 7 ·4  1 3  3 · 1  X 6 ·9  X 
0·29 I 0 · 1 3  0 ·40 IO
B 10 1" 
SHAKEN WITH :foWDERED CaC03  FOR VARYING TIMES.
1 ·22 2·43 2 · 8  255 1 · 9  
- -
- -- - -
0 ·04 1 · 30 0 ·08 2 ·59 6 ·0  136 4 ·3  
--
-
- -
-
--
--
0·01  1 ·32 0 ·02 2 ·62 7 · 6  l lO 5 · 5  
0·05 0 · 10  
-
---
---- --
---
0·05 1 · 32 0 · 10  2 ·62 9 · 5  8 8  6 · 8  
 - - -----0·0 1 1 · 32  0 · 10  2 · 62 1 1 · 7  72 8 ·5 0 ·06 
The attached photographs ( Plates 61-63 ) show the corrosive characteristics 
of treated water prior to correction, and, in the case of that illustrating the sand 
filter wall, there is shown also the fact that, as a result of stored Oa003, corrosion 
of concrete is markedly less below the sand surface ,  due to acid correction by 
this stored Oa008 •  
Table 12 gives some indication of the effects of the time factor on the 
movement towards equilibrium when both supersaturated and unsaturated ( to 
Oa003 ) waters, respectively, are held in contact ·with calcium carbonate . The 
first series of the table shows the changes in characteristics when a water, brought 
to supersaturation, is shaken for various times with  powdered Oa003,  and the 
second series similarly with a water unsaturated to Oa003•  The powdered calcite 
was prepared to pass B . S .  36 ( aperture 0-42 m.m. ) and to be retained on B . S .  72 
(aperture 0·21 m.m. ) . In the supersaturated series, the initial value recorded 
for [ Oa+ + ]  [ 003= ]  was 156 X 10-9, against the constant value, for the conditions
holding, of 11·7 X 10-9• The first fifteen minutes contact with powdered Oa003
largely corrected the supersaturation, but there was a progressive movement until 
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2 3 4 6  7 
Temp. 
oc. 
22 
A. 
22 
-- --
22 
B. 
22 
27 
c. 
23 
-- --
27 
D. 
23 
--
26 
E. 
22 
-- ---
28 
F. 
25 
24 
G. 
24 
--
2·1 
H.
24 
-- --
2S 
I. 
24 
--
28 
J. 
24 
:K. 
28 
25 
29 
1 9  
--
29 
19 
2 6  
1 9  
Ionic 
Strength. 
fL 
0 · 008 
O ·OOR 
--
0 · 008 
0·008 
--
0 · 008 
0 · 007 
--
0· 008 
0 · 007 
--
0· 008 
0 · 007
X 1 0
r 
7 
5·04 
5·04 
--
5·04 
5·04 
--
5·30 
5·00 
--
5·30 
5·00 
--
5·30 
5·00 Q.Oo81--w0 
 
 
0·007 5 · 1 0
0·008 5 · 1 3  
0 · 008 5 · 1 3 
--
0 · 008 5 · 1 3  
0· 008 5 · 1 3  
--
0 · 008 5·40 
0 ·007 5·08 
-- --
0 · 008 5·40 
0 · 007 5·08 
-- --
0 ·008 5·40 
0·007 5·11 
0 · 008 5·40 
0 · 007 4 · 75 
-- --
0· 008 5 ·40 
0·007 4 · 7 5  
0· 008 5·25 
0 · 007 4·75 
K' , K'
X 1011 
6·35 
6 · 3 5  
6 · 3 5  
6 ·�5 
---
7 · 0 7  
6 · 3 6  
--
7·07 
6 ·36 
--
6·92 
6 ·21 
K' w 
X 101 4 
jJ.96 
0·96 
0·96 
0·96 
J - 44 
1 -() 7  
1·44 
1·07 
1·32 
0·95 
7 ·07 l--1·19  6·64 
6 ·59 1·12 
6· 59 1 · 1 2  
6 · 5 9  1 · 1 2  
6·59 1 · 1 2  
7 · 0 7  1 · 5 6  
6 · 4 6  1 · 1 1  
7 · 0 7  1 · 5 6  
6·46 1·11 
7 · 07 1 · 56 
6·64 1 · 1 9  
7 ·21 1 -65 
5 ·79 0·72 
--
7·21 1·65 
5·79 0 · 7 2  
--
6·88 1·32 
5·79 0·72 
K' Ca . 
1 0' 
C O ,
X 
CJ�ADOPHORA. 
1 1 · 4  3 · 2  X 4·0 X 
10 - 3  10 - 2  
1 1 · 4  4 · 9  X 2 · 6  X 
10 - 3 10 - 2  
l l · 4  8 ·0  X 1 · 6 X 
1 0 - 3  . w - •  
11 · 4 8 · 0  X l · (l X 
10 - 3  1o - 2  
9 ·8  8 · 8  X 1 · 5 X 
10 - 2  1 o - •  
1 0 · 4  3 · 2  X 4·0 X 
J 0 - 2  10 - ·  
9·8 1 ·� 
J o
X • 7 · 5  w
X 
- • 
10·4  1 · 3 X 1 · 0  X 
10 - 1  1o - • 
10·0 2 · 8  X 4 · 7  X 
l Q - 1  JO - ·  
10·8 1 · 6 X 8 · 0  X 
w - 1 Io - •  
9 · 6  8 ·8  X 1 · 5  X 
w - 1 Io - •  
9·8 3 · 3  X 3 · 9  X 
1 0 - '  w - •  
SPIROGYRA. 
] 0· 7  3 · 3 0  
o -
X 3 · 9  X 
I • w - 2  
1 0· 7  5 · 0  X 2·5 X 
10 - 3  l o - •  
10·7  8 · 2  X 1 · 6  X 
10 - ·  10 - '  
1 0 · 7  6 · 6  X 2 · 0  X 
lQ 3 10 - '  
9 · 6  8·8 y 1 · 5  X 
w - • I o - •  
10·2 2 · 6  X 4 · 9  X 
1 0 _ ,  1o - • 
9· 6 1 7· 7  X 7 · 4  X 
1 0 - ' 10 - •  
10·2 8 ·1  X 15·8 X 
1 0 - · 10 - ·  
9 · 6  2 · 8  X 4 · 6  X 
10 - 1  1 o - •  
9 · 8  1 · 1  X 1 2 · 3 X 
I 0 - 1  I O - •  
SPIROGYRA. 
9 · 3  2 · 9  X 4 · 6  X 
10 - 2 J 0 - 3  
1 1 · 7  1 · 5  X 
w - 2 
8·4 X 
-1o • 
9 · 3  1 · 8  X 7·4 X 
I 0 - 1  IO - • 
1 1 · 7  1 ·2 X 1·1 X 
w - 1 IO - •  
1 0 · 0  3 · 4  X 3 ·8 X 
1 0 - 1 10 _ ,  
1 1 · 7  1 · 5  X 
w - 1 
8 · 4 X 
-w
g 
pH . 
7 · 7  
7 · 9  
8 · 1 
8 · 1  
9 · 1  
8 · 7  
9 · 4  
9 · 3  
9 · 6  
9 · 4  
1 0 · 1  
9 · 7  
7 · 7  
7 · 9  
8 · 1  
8 · 0  
9 · 1  
8 · 6  
9 ·4  
9 · 1  
9 · 6  
9 · 2  
8 · 6  
8 · 4  
9·4 
9 · 3  
9 · 7  
9 · 4  
TAB1� 
WATER CARRYING ALGAL 
Sn.m]Jlcs Filtered 
1 2  1 3  10 1 1  
--· 
[H + ] 
0 · 2  X 4 · 8  X 
1 0 - 7 10 - 7 
0 · 1 3  
J Q
X 7 · 4  X 
1 0 - 7  
0·80 X 1 · 2  X 
I O - •  I O - •  
0·80 X 1 · 2  X 
to - • w - o
1 · 8  X 0·80 X 
-1 o • w - •  
0·20 X 
1 o - •  
5 · 3 5  X 
-w • 
0·40 X 3 · 6  X 
IO - • JO - ·  
0·50 X 2 · 1  X 
1o - • 10 - •  
5 · 3  X 0·25 
o
X 
-1 • w - •  
0·40 X 2·4 X 
1 o - •  w - •  
0·80 X ] · 95 X 
Io - 1o T o - • 
0 · 20 X 5·95 X 
1 o - •  J Q - • 
0 · 20 X 5 · 6  X 
1 0 - 7  w - •  
0 · 1 3  X 8 · 6  X 
r o - 7 10 - '
0·80 X 
10 - •  
1 · 4  X 
-w • 
1 · 0  X 1·12 
w
X 
10 - •  • 
0·80 X 1 · 9 5  X 
t o - • 1 o - •  
0·25 X 4·44 X 
Io - • I O - '  
0·40 X 3 · 9  X 
1o - •  JQ - • 
0·80 X 1 · 3 9  X 
1o - • w - • 
0·25 X 6·24 X 
10 - • I o - •  
0·63 X 1 · 9
I O · - •  
 
J Q
X 
5 
6·35 X 0·25 X 
-1 o • 1 0 - · 
0 · 4  X 1 · 8  X 
IO - • 10 - ·  
0 · 4  X 4 · 1 3 X 
. 1o - •  1 0 - ·  
0 · 5  X 1 · 44 X 
Io - • 10 - ·  
0 · 2  X 6·60 X 
10 - ·  w - •  
0 · 4  X 1·80 X 
t o • to - • 
[Ca + + l 
0·72 
0·74 
0 · 7 1  
0 ·70 
0 · 64 
0 · 3 5  
0 · 6 1  
0 · 2 4  
0 · 6 6  
0 · 2 6  
0·68 
0·32 
0·70 
0·72 
0·69 
0 ·69 
0 ·70 
0 · 3 5  
0 ·70 
0 ·29 
0·70 
0·35 
0·63 
0·43 
0·72 
0·38 
0·57 
0·38 
X 103 [llfX 1
g + +
03 
1-03 
1·05 
1·01 
1 ·02 
1·02 
0·98 
1-01 
0·96 
1·00 
0·94 
0·82 
0·70 
1·10 
1·10 
1-09 
1·08 
1·10 
1·05 
1·09 
1-05 
1·06 
0·95 
1·10 
1-07 
1·04 
0·98 
1-04 
0·98 
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13. 
AND AFTER AGITATION WITH POWDERIW CaC0 3 • 
What,man 40 Paper. 
14 1 5  1{) 1 7  
Change 
[Ca + + l in Change Change in in 
1 8  
Titra 
Base 
+ [Ca + + 1 
[lift( + + ) + [Ca + + 1 [l\Ig + + 1 rn + +J 
X 103 [Mg + + ) X 103 X 1 03 X 103 
X 103 
1 · 75 1 ·22 
1 · 7 9  + 0·04 + 0·02 + 0·02 1 · 28 
1 · 7 2  1 · 20 
1 · 7 2  0·01 + 0·01 1 · 1 6  
1 · 6 6  1 - 1 8  
1 ·33 - 0·33 0·29 - 0·04 0·80 
1·62 1 - 1 6 
1 ·20 0·42 - 0·37 - 0·05 1 · 7 6  
1 · 6 6  1 · 1 4  
1 · 2 0  - 0·46 - 0·40 - 0·06 0 ·72 
1 ·50 1 · 10 
1·02 - 0·48 0·36 0 · 1 2 0·65 
1·80 1 · 22 
1 ·82 + 0·02 + 0·02 1·28 
1 · 7 8  1 · 2 0  
1 · 7 7  - 0 · 0 1  0 · 0 1  1 · 1 8  
1 · 80 1 ·18 
1·40 0·40 0·35 0·05 0·82 
1 · 7 9  1 · 1 6  
1 · 3 4  0 ·45 0·41 0·04 0·72 
1 · 7 6  1 · 1 6  
1 · 3 0  - 0 · 4 6  0 · 3 5  - 0·11 0·75 
1 · 7 3  1·24 
1 ·50 - 0·23 0 ·20 0·03 1 · 02 
1 · 7 6  1 · 0 6  
1 ·36 - 0·40 0·34 0·06 0·63 
1·81 0 · 98 
1 · 3 6  0 · 2 5  0 · 1 9  0·06 0·76 
10 20 21 22 
Ch�nge 
lD [HOO , - J  tco ,J [CO,)  Titra X 1 03 
Ba::1e 
X 1 03 
CLADOPHORA. 
2·43 7 ·8  X 9 · 7  X 
1o - •  1 0 - •  
+ 0·06 2·53 1·2 X 6·6 X J0 5 10 - • 
2·36 1 · 0  ;.: 3 · 8  X 
1 o - • 1 o - •  
- 0·04 2·28 1 · 8  X 3 · 7  X 10 - •  w - • ----
1 · 9 9  1 · 8  X 3·0 X 
1o - •  w - •  
- 0·38 1·50 4·8 X 6 · 0  X 
10 - • w - •  
1 · 6 9  3 · 0  X 1 · 3  X 
1 o - •  I o - •  - 0·40 1 · 1 9  1 · 5  X 1 · 2  X 
1 o - •  10 � '  
1 ·43 4 ·0  X 6 · 7  X 
J O · J0 7  - 0·42 1 · 08 1 · 7 X 8·6 X 
JO · J.o - 7  
0·72 6 · 3  X ] · 1  X 
1 o - • 1 0 - 7  - 0·45 0 ·75 2 · 5  X 2·9 X 
J O · 1 0 - 7  
SPIROGYRA . 
2·42 8 · 0  X 9 · 5  X 
10 - •  1 0 ·  
+ 0·06 2·54 12·8 X 6 · 5  X 
10 - • 1 o - • 
2 ·36 2 · 0  X 3 · 7  X 
w - • 1 0 - ' 
0·02 2·33 1 · 6  X 6 · 6  X 
l o - • 1 0 - •  
1 · 98 1 7 · 6  X 3 · 0  X 
10 - • 1 0 · 
0 ·36 1 · 5 5  4 · 0  X 7·6 X 
1 0 - •  w - • 
1 · 7 0  30·1 X 1 · 3  X 
10 - •  1 0 • 
0 ·44 1 ·23 9·9 X 2 · 0  X 
1 0 • l o • 
1 ·44 4 · 1  X 6 · 7  X 
1 0 - •  10 - 7  
- 0·41 1·22 1 · 3  X 1 5 · 0  X 
w - •  w - • 
SPIROGYRA. 
2·33 6 · 7  X 1 · 1  X 
10 - • 1 0 - • 
0·22 1 - 98 2 · 9  X 1 · 7  X 
10 - •  10 -=- '  
1 · 5 3  2 ·8  X 1 · 1  X 
w - • w - •  
- 0·43 0·87 1 · 0  X 9·1 X w - • 1 0 7 
1 · 1 2  3 · 9  X 4·3 X 
w - • w 7 
0·22 1 · 1 6  1 · 7  X 9·8 X 
1 0 · w 7 
43 
23 24 25 
rca + + ] [Mg + + 1 ) Mg + + J X 
[CO, � )  X X [COa ]  [OH - ] '  X 10' 
5 · 6  8 ·0  X 2 · 4  X 
10 - •  1 0 •• 
9·2 1 · 3 X 5 · 8  X 
10 - • lo - u  
1 3 · 4  1 · 9  X 1 · 5  X 
lo - • 1 0 ••  
12·8 1 ·9 X 1 · 5  X 
10 - •  1 0 - •• 
112 1 · 8  X 3 · 3  X 
1 0 - ' 10 - " 
16·8 4 · 7  X 2·8 X 
Io - • w u  
183 3 · 0  X 1 · 3  X 
J 0 - 7  w , .  
36 1 · 5  X 4·4 X 
l o - ·  lQ 13 
261 4 · 0  X 2·8 X 
1 0 - 7  10 ' · 
43 1 · 6  X 5 · 3  X 
J0 - 7 10 - ••· 
431 5·2 X 3 · 1  X 
1 0 - 7 10 - 11 
71 1·7 X 2 · 5  X 
J 0 - 7  ] Q 12
5·6 5 · 8  X 3 · 4  X 
10 - · 10 "  
9·2  14·1  X 8 · 1  X 
10 - • 1 0 .. 
1 3 · 5  2 · 1  X 2 · 1  X 
1 0 - • 1 o ••· 
10·6  1 · 7  X 1 · 4  X 
10 - • 1 0 - "· 
123 1 · 9 X 4 · 2  X 
10 - 7 lQ - 13! 
14 4·2 X 2 · 1  X 
1 0 - • J.o •• 
211 32·8 X 1 · 7  X 
w - • w - •• 
29 10·4 X 2·0 X 
10 - '  w •• 
286 4·3 X 4 · 1  X 
1 0 - 7 w - • �  
45 1·2 X 2·4 X J0 7 w - "· 
42 7 · 4  X 4·4 X 
10 - • lo u-
12·3  3 · 1  X 3 · 5  X 
1 0 - • w - •• 
199 2·9  X 1 · 8  X 
1 0 - 7 1 0 - ' �  
38 9·8 X 2·0 X 
w - • 1o - •• 
219 4 · 0  X 4 · 5  X 
w - 7 w • •  
63 1 · 7  X 3 · 2  X 
1 0 7 w "  
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B R ISBAN E R IVER_ WATE R  SUPE R SATURATED TO CoC03 TH ROUGH 
ALGAL ACTIVITY, SHAK E N  FOR VARYI NG T I M ES WITH CaC03 
 
 
a 
0·55 
eoo o oo
OA5 
�� 
x iO" 
160 0.40 
1 50  
035 
130 
1 20 
100 100 
eo eo 
70 
10 
50 50 
40 40 
80 30 
20 
1 0  
0 10 eo 30 ..w oo 90 1 20 
M I N UTES 
T I M E  OF SHAKI NG W ITH CaC0-.3 
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at 120 minutes contact ,  equilibrium had been substantially established. At no 
time were the constants for Mg003 or Mg ( OH)  2 exceeded, but yet there was a 
small though marked removal of Mg+ + from solution, and this removal was 
complete within the first fifteen minutes. It would seem, therefore, that a double 
carbonate of low solubility had J:een removed. Fig. 2 shows the figures plotted 
against time, and illustrate the general influence of time on removal of Ca003 
from the supersaturated state under the conditions holding. 
The second series shows that with an unsaturated water, solution of further 
Ca003 to produce saturation is slow and that 120 minutes ' contact is i,nsufficient 
for final equilibrium. ( The two figures in the change columns show respectively 
progressive and total change in concentrations. )  
\Vhile no attempt has been made to study in detail the degree of super­
saturation attainable , nor the manner of desupersaturation-or its reverse­
through agitation with powdered Ca003 , several runs similar to those shown in 
the table were made for confirmatory purposes and to check ideas concerning 
deposition in the filter beds. In addition similar examinations were made with 
fixed time of contact ( 15 minutes ) and varying initial supersaturation conditions 
induced by activity of cladophora and spirogyra. Figures from three of the· 
series of tests made are shown in Table 13. In general, the findings confirm 
those of the previous table-i.e . ,  that 15 minutes ' contact with powdered Ca003. 
largely overcomes conditions of supersaturation ; that Mg+ + is removed from 
solution although, in terms of their respective constants, conditions are not 
favourable to the removal of Mg003 or Mg' (  Oil)  2 ,  except , in the case of the 
latter,  at pH values in excess of a figure approximating 9 ·5 .  Again the inference 
is that the Mg+ + is removed as a double carbonate with Ca003•  From these 
figures it may be assumed, therefore, that the relatively long periods of contact 
of algal induced supersaturated water with carbonate filmed sand within the 
filters provides ample opportunity for the deposition within the beds of a 
considerable proportion of the material constituting the supersaturation. As at 
times the sand must be free from cartionate deposits, supersaturated water was 
shaken with clean, acid washed sand for varying times to confirm the belief that 
deposition would also occur on clean sand. No removal appeared at 30 minutes 
shaking and only slight removal at 90 minutes ; at 120 minutes removal was still 
small but definite ; with longer periods effective removal occurred. 
Reference has been made to the effects of the stored filter deposits on the· 
characteristics of acid water applied to the filters following coagulation with 
aluminium sulphate. Tables 15, 16 and 17 set out figures for operation of the· 
purification works, two series of consecutive days being given. �o attempt has 
been made to follow quantitatively the 002 concentrations throughout the 
processes, as uncontrollable and indeterminate factors enter into the question. 
A flow diagram of the plant is attached, together with photographs of certain of 
the units ( Plates 64 71 ) .  Raw water is delivered from rising mains to the 
heads of two gravity type aerators, and coagulant chemicals are added at these 
points . Titratable base is converted through reaction with added aluminium 
sulphate and, correspondingly, concentrations of uncombined 002 are greatly 
increased. The chemical reaction initiating coagulation proceeds rapidly and 
may be considered completed within the small capacity aerator basin. The water 
passes to baffled coagulating basins of 600,000 gallons capacity and surface area 
of 11,540 square feet, and thence to a settling basin of 4.5 million gallons capacity 
and surface area of 41,240 square feet. From this basin near surface water 
enters floating outlet ports and is piped to the filter installations situated on an 
adjacent hill a distance of 0·6 mile with a head loss of 35 feet. The slow sand
filters ( nominal output 15 m.g. day) have a;n exposed surface area of five acres ;
the rapid gravity filters ( output 12 m.g. day) are totally enclosed. Considerable 
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TABLE 14. 
CHEMICALS USED IN BRISBANE RIVER PURIFICATION PLANT. 
A lum.inium Sulphate
Total quantity tons 
Average dose mgm/1. 
Total cost 
Sodium A luminate-
Total quantity tons 
Average dose mgm/1. 
Total cost 
Quantity of water coagulated million 
gallons 
Soda A sh
Total quantity tons 
Average dose mgm/1.  
Total cost 
Quantity corrected million gallons 
Hydrated Lime-
Total quantity tons 
Average dose-mgm/1. 
Total cost 
Quantity treated million gallons 
1942-1943. 
111.5 
67 
1 ,422 
3 .75 
1 . 0  
2 10 
3 7 3 =  5.7 %  of total 
189.2  
6 .7 
2 6 5 . 1  
6,3 70 = 96 % of total 
353 days 
19 
0 . 7  
1 33 
Intermittent caclulated 
on 6,370 
( Lime- is used in conjunction with Soda Ash) 
Liquid Chlorine-
Total quantity tons 
Average dose mgm./1.  
Residual to trunk mains mgm/1. 
Total cost 
Quantity sterilised million gallons 
Ammo'1.m Sulphate
Total quantity tons 
.A verage dose mgmjl. 
Total cost 
Total chemical cost 
Average cost for chemicals per 1,000
gallons-pence over full supply 
Total water filte-red million gallons 
Total water filtered Slow Sand Filters 
Total water filtered Rapid Filters . .
Average daily demand million gallons 
3 1 
1 . 1  
0 .5  
2 ,080 
6,601 
41 .2 :5 
1 .4 
704 
£7,200 
0.26 
6 ,6 0 1  
1 ,964 
4,6 3 7  
1 8 . 1  
1943 1944. 
428 
40 
5,626 
65.25 
6.2  
386.4 
2,397 = 31.9 % of total 
2 2 7 . 8  
8 . 7  
3 , 1 9 3  
5 , 8 9 i:l  = 78 % o f  total 
247 days 
43.8  
3 .9 
3 0 8  
2,516 (include d  i n  Soda 
Ash treated mtter) 
25.6 
0.8 
0.4 
1,715 
7,525 
3 3 .5 
1 .0  
572 
£15,2 7 8  
0.49 
7,525 
2,462 
5,063 
2 0 . 6  
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quantities of 002 are lost by aeration-attached photographs show the heavy 
002 froth that invariably banks up in the aerator basin and in the primary 
<:ompartments of the baffled mixing basin. Further losses are incurred from the 
large exposed surfaces of basins and filters as well as at points of turbulence in 
the water flow.  Moreover, in the slow sand filters themselves, appreciable 
quantities are consumed by algae, while within the sand beds bacterial and fungal 
activities have an additive effect. Table 16 shows pH and titratable base values
for raw water, as delivered by pumps from the river to the plant ( Raw ) ; for 
coagulated and settled water as applied to the filters ( App . ) ; for composite slow 
sand filtrates ( S.F. ) ; for total filtrate ( O .W.T . ) comprised of mixed slow and 
rapid filter effluents after correction with alkali ; and for so called stabilised 
water ( Stab . ) -i.e. , combined filtrate after correction and subsequent shaking 
for sixty minutes with powdered Oa003 • These values are shown graphically 
in Fig. 3 .
-
-- · 
Series A . 
Series B .  
. . 
. . 
pH. 
Water 
Applied to 
Filters. 
6 ·2  
5 · 5  
5 ·4  
5 ·4  
5 · 8  
6 · 2  
6 · 4  
6 · 2  
5 · 9  
5 · 6  
5 · 5  
5 · 5  
5 · 7  
6 · 1  
6 · 2  
6 · 1  
6 · 1  
6 · 2  
6 · 3  
6 ·4  
6 ·4  
6 · 5  
TABLE 15 .  
SUMMARY OF TABLES 16, 17  AND 18 .  
Titratable Base mgm/litre. 
Slow Sand 
Filter Applied. Filter Added for · Effluent. Correction. Effluents. 
7 ·3  0·54 1 · 76 0 ·43 
7 ·3  0 · 10  1 · 32 0 ·59 
7 ·3 0·08 0 ·82 0 ·54 
7 · 2  0·08 0 ·64 0·54 
7 · 0  0 ·20 0 ·58 0 ·57 
6 ·7 0 ·38 0 ·60 0 ·43 
6 ·5  0 ·60 0 ·66 0 ·45 
7 ·4  0 ·40 1 · 5 1  0 ·28 
7 ·3 0 ·25 1 ·02 0 ·52 
7 ·3  0 · 10  0 · 84 0 ·62 
7 ·3  0 ·08 0 ·82 0 ·65 
7 ·3  0 · 10  0 ·80 0 ·58 
7 ·2  0 · 1 4  0 ·69 0 ·78 
7 ·2  0 ·38 0 · 6 1  0 ·86 
7 ·2  0 ·50  0 ·76  0 ·62 
7 ·3  0 ·45 0 ·86 0 ·57  
7 · 2  0·45 0·90 0·57 
7 · 1  0 ·52 0 ·92 0 ·61  
6 ·8  0 ·60 0 ·88  0 ·52  
6 ·4  0 · 72  0 ·86  0 ·59  
6 ·6  0 ·82  0 ·92 0 · 60 
6 ·6  0 ·90 0·94 0·45 
Titr. Base. 
Gained in Gain in Slow Slow Filters 
Calculated Filters as Per Cent. to Total of Added. Output. 
0·30 70 
0 · 1 4  24 
0 ·21  40  
0· 1 8  33 
0 · 1 7  30 
0 · 1 3  3 0  
0 ·02 4 
0 ·35 1 25 
0 · 1 6  3 0  
0·07 1 1  
0·09 12 
0 · 1 0  17  
0 ·05 6 
0 ·03 4 
0·05 8 
0·07 12 
0·08 14 
0·07 1 1  
0 ·06 1 1  
0 ·02 3 
0 ·01  2 
0·03 7 
T itratable base is determined on samples filtered through Whatman ( 40 ) 
to remove suspended material, such as floc in coagulated 'vaters which would 
react against titrating acid ; small errors may occur in such samples due to 
colloidal particles escaping filtration. 
In the complementary tables ( 17 and 18 ) ,  general purification operation
data are shown covering the two periods ; these figures record quantities of water 
treated, quantities of the various chemicals used, and analysis of the position 
in regard to titratable base. Records of rapid filter effluents are not shown, as 
the characteristics of these follow closely those of the applied waters. In Table 
16 may be seen the day to day variations in the water to be treated, the marked 
depression of pH and titratable base of coagulated water coinciding with 
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occasions of high turbidity and heavy dosage of chemical and the relatively high 
pH and titratable base values of slow sand filter effluents at the same times. The 
figures for corrected filtrates ( C .W.T . ) and stabilised waters are approximately 
the same, though evidence is present of occasions of both over and under­
correction. It is impossible to achieve completely concordant results when dealing 
with quantities of water exceedi;ng at p eak periods 5,000 tons per hour, for flow 
rates fluctuate and output of chemical machines is not precisely constant. In 
the case of aluminium sulphate, composition of the chemical itself also is variable. 
Further, the loss in titratable base due to reaction with coagulant and determined 
by analysis may not be correlated with actual quantities of chemical added, for 
apart from variations in machine output and fluctuations in pumpage, the 
coagulum formed is comprised not of aluminium hydroxide but of basic 
sulphates, the composition varying with the pH of formation, and, in addition, 
appreciable and variable quantities of sulphate are adsorbed by the colloids, 
particularly under conditions of high turbidity. Furthermore, it is not feasible 
to synchronise sampling ; thus between the raw and applied sampling points 
there are approximately 5 million gallons of water 'in the coagulating and settling
basins, while in each slow sand filter, between the surface inlet, which i s the 
sampling point for applied water,  and the effluent main there are approximately 
2 million gallons. Antimony electrode multipoint recording pH apparatus is 
used to record applied and filtrate values at the filter installation ; similar 
apparatus is used at the coagulating station with warning relay systems to the 
chemical house ; in this house also are .synchro,nous motor flow rate indicators 
operating from the metering system. In these tables pH values were determined 
independently of the recorders which are calibrated to 0·15 unit. 
In tab1es 17 and 18,  columns 14-23 show titratable base figures a s
follows :-
Column 14-Titratable base in milliequivalentsjlitre added as soda ash
and/or hydrated lime to combined filtrates for correction 
to saturation with CaC03 . 
15-Weighted average of titratable base found in combined 
filtrates by analysis of individual slow and rapid filtrates 
( plant lay out is such that the combined filtrates may not 
be sampled in a representative state before addition of 
correcting alkali ) . 
16-Titratable base in combined filtrates calculated by adding 
the correcting quantity as in 14 to the weighted average 
of the individual filtrates as in 15 .  
17-Titratable base in combined filtrates after correction 
determined by analysis of samples issuing from clear water 
storage tank ( 2 million gallons ) . 
Theoretically the values in columns 16 and 17 should be the same ; but 
under all the circumstances agreement is reasonably close ; complete agreement 
would be adventitious. Columns 18 to 23 refer to the titratable base gained by 
the water in passage through the slow sand filters-i.e . ,  the Ca.  and Mg. deposited 
through algal activity, and redissolved by the applied acid water. 
Column 18 records the concentration in milliequivalents per litre in the 
slow sand filtrates, and shows a progressively decreasing value as chemical 
treatment proceeds from day to day. 
Column 19 records the same figure calculated to the total combined filter 
output. 
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Columns 20 and 21 show this incidental titratable base calculate d  to soda 
11sh and hydrated lime respectively and expressed as milligrams per litre over 
the total filter output. 
Columns 22 and 23 show the figures expressed as gross quantities as soda 
ash and hydrated lime respectively. In the aggregate A2 shows 4 tons and B2 
5 tons as soda ash, figures much lower than those stated previously as derived 
from examination of sand from the filters ( given as 30 tons CaC03 and 12 tons 
l\'Ig ( OH) 2 and equivalent, roughly, to 55 tons soda ash ) . However, reference 
to the tables will show that low demands held during' these periods of treatment, 
and that the slow sand filters were used merely to supplement the rapid filter 
output for most of the time, particularly in series B, a number of the slow 
filters not having been used at all. ( Where demand allows, this procedure in 
operation has been adopted in recent years-rapid filters are cleaned by back­
washing, the whole process requiring less than thirty minutes shut down ; the 
cleaning of .slow filters, which choke rapidly with alum floc bearing coagulated 
waters, is laborious manual work entailing a filter being out of operation for 
many hours. With present staff  shortages, therefore,  the rapid filters are 
deliberately overloaded and the slow filters used as little as possible . )  
Furthermore, i n  the case of A ,  there had been a period of treatment with 
coagulant a few weeks previously, while B had been preceded by a long period 
of meagre algal and vigorous bacterial activity within the beds. Table 15 sets 
out a summary of Tables 16, 17, and 18,  showing some of the salient points over 
the days of heavy coagulant dosage. ( The apparent anomalieS! in titratable base 
gained in the slow sand filters are to be explained in terms of the part use only 
of these filters, as indicated above. ) 
From Tables 17 and 18 it will be seen that sodium aluminate is used over 
certain days of the treatment with coagulant. It may be used for either or both 
of two purposes, and its application is dictated by laboratory coagulation tests 
made on the water at the time. In the first place it is frequently useful, in
conjunction with aluminium sulphate, in coagulation of low turbidity, high colour 
waters, where  it is found that appreciable economies may be made in chemical 
costs ( up to £30 per day ) ; for not only do the combined chemicals allow coagula­
tion at considerably higher pH values than aluminium sulphate alone, with reduc­
tion in aluminium sulphate requirement much greater than the equivalent 
Al203 content of the added aluminate, but also, highly significant saving in soda 
ash for subsequent correction follows from the higher pH of coagulation and 
correspondingly lower production of uncombined C02•  The second reason for 
its use-and the one which more closely concerns this paper-is to maintain the 
pH of treated waters at all times higher than 5 ·5 .  Neglecting the formation of 
basic sulphates ( the hydrolysis equilibria of aluminium sulphate are discussed 
elsewhere ) and considering only monobasic hydroaluminic acid, the equilibrium 
holding in coagulation may be simply expressed thus :-
( Strictly the surface layer of each Al ( OH ) 3 colloid particle is ionised with 
equilibrium between mono-, di and tribasic hydroaluminic acids, which, in turn, 
are in equilibrium with a diffuse layer of positively charged ions, constituting 
the Gouy electrical double layer, and the system may be represented thus :-
B+ 
2B + 
3B + )
50 
�.., 
220 
210 
200 
190 
180 
1 70 
liDO 
ISO 
140 
130 
120 
1 10 
1 00 
90 
80 
70 
GO 
50 
40 
30 
20 
10 
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DAI LY READINGS (9am) IN pH & T ITRATABLE BASE AT VAR IOUS
STAGES OF PUR I FICAT I ON DURING TREATMENT WITH COAGU LANT 
.SERI ES A& B BRISBANE RIVER WORKS 
7 
Applied 
5 
3 5 7 9 I I  13 1 5 17 3 
DAYS OF TREATMENT 
Appl ied 
5  
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TABLE 16 .  
PURIFICATION PLANT OPERATION FIGURES (BRISBANE RIVER) . 
CONSECUTIVE DAYS OF COAGULATION. 
Raw refers to water as delivered by pumps to the plant. 
App. refers to water applied to filters, i.e . ,  after coagulation and sedimentation. 
S.F. refers to combined filtrate from slow sand filters prior to correction with alkali. 
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C.W. T .  (Clear Water Tank) refers to all combined filtrates after correction and sterilisation. 
Stab . refers to C.W.T .  water after one hour agitation with powdered CaCO, . 
A .  
Day. 
�------
1 
2 
3 
4 
5 
6 
7 
8 ' 
9 
1 0  
l l  
1 2  
1 3  
14 
1 5  
1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
l l  
1 2  
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  
. 
. 
.
.
 
. . 
. .  
. . 
. . 
. . 
. 
. 
. . 
. . 
. 
. 
. .
. 
. 
' . 
. . 
B. 
. 
. 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. .
. . 
. . 
. . 
. . 
. . 
. .
. . 
. . 
. . 
. . 
. . 
. .
. 
. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. 
. 
.
. 
. 
. 
.
. 
. . 
. . 
. . 
. . 
. .
. .
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
Raw. 
-
-
-
1 
7 · 2  
7 · 1  
7 · 1  
7 · 1  
7 · 1  
7 ·2  
7 ·3  
7 · 3  
7 · 3  
7 · 3  
7 · 3  
7 ·4  
7 ·4  
7 ·4  
7 · 3  
7 · 9  
7 · 5  
7 ·2  
7 · 2  
7 ·2  
7 · 3  
7 · 3  
7 · 3  
7 · 3  
7 · 3  
7 · 3  
7 · 3  
7 ·4  
7 ·4  
7 ·4  
7 ·6  
7 · 8  
8 · 0  
8 ·0  
8 ·0  
pH. 
App. S . F .  C.W.T. 
-
-
-
-
- ---
2 3 4 
--
6 ·2  7 ·4  7 · 8  
5 ·9  7 · 3  7 · 6  
5 ·6  7 · 3  7 · 6  
5 · 5  7 · 3  7 · 5  
5 · 5  7 ·3  7 ·6  
5 · 7 7 ·2  7 · 5  
6 · 1  7 · 2  7 · 9  
6 · 2  7 · 2  7 · 9  
6 · 1  7 · 3  7 · 7  
6 · 1 7 · 2  7 · 7  
6 ·2  7 · 1  7 · 7  
6 ·3  6 · 8  7 · 6  
6 ·4  6 ·4  7 · 9  
6 ·4  6 ·6  7 · 7  
6 · 5  6 · 6  7 · 7  
8 · 0  7 · 3  7 · 9  
7 · 6  7 · 3  7 · 9  
6 · 2  7 · 3  7 · 5  
5 · 5  7 · 3  7 · 5  
5 ·4  7 · 3  7 ·4  
5 ·4  7 ·2 7 ·5  
5 ·8  7 · 0 8 ·0  
6 · 2  6 · 7 7 · 9  
6 ·4  6 ·5  7 · 3  
6 · 7  6 · 5  7 · 7  
6 · 8  6 · 5  7 · 6  
6 ·9  6 ·5  7 · 6  
6 ·9  6 ·5  7 · 5  
6 ·9  6 ·6  7 · 7  
7 ·0  6 · 7  7 · 7  
7 · 1  6 · 7  7 · 8  
7 · 1  6 · 7  8 ·0  
7 ·5  6 · 7  8 · 1  
7 · 6  6 · 8  8 ·0  
7 ·5  7 · 0  7 · 9  
Titratable Base m.e./1.  
Stab. Raw. App. S.F. C.W.T. Stab. 
--- --- --- - -- ---
---
5 6 7 8 9 10 
--- -- ---
7 ·9  1 · 14 0·40 1 · 5 1  1 · 14 1 · 1 8  
7 · 7  1 · 04 0 ·25 1 · 02 0 ·96 1 · 02 
7 · 7  0 ·87  0 · 1 0  0 ·84 0 ·96 1 · 02 
7 · 6  0 ·82 0 ·08 0 ·82 0·90 0·93 
7 · 7  0 ·85 0 · 1 0  0 ·80 0·90 0 ·93 
7 · 6  0 ·96 0 · 14  0·69 1 ·06 1 · 1 0  
7 · 7  1 ·22 0·38 0 ·61  1 · 14 1 · 1 0 
7 · 7  1 · 3 1  0 ·50 0 ·76 1 · 1 8  1 · 14 
7 · 7  1 · 37 0·45 0 ·86 1 · 1 6  1 · 1 8  
7 · 6  1 · 36 0·45 0·90 1 · 1 2  1 · 10 
7 · 8  1 · 35 0·52 0·92 1 · 1 2  1 · 14 
7 · 7  1 · 39 0 ·60 0 ·88 1 · 33  1 ·35 
7 · 7  1 ·45 0 ·72 0 ·86 1 ·47 1 · 39 
7 · 7  1 ·65 0 ·82 0·92 1 · 39  1 · 3 7  
7 · 7  1 · 6 1  0 ·90 0 ·94 1 ·45 1 ·43 
8 ·0  2 ·00 2 ·08 1 ·94 2 ·22 2 ·24 
7 · 9  1 · 50 1 · 56 1 · 96 2 ·00 2 ·02 
7 ·6  1 · 14 0·54 1 · 7 6  1 ·30 1 · 30 
7 · 6  0 ·82 0 · 1 0  1 · 32 0 ·80 0 ·85 
7 · 5  0·90 0 ·08 0 ·82 0 ·70 0 ·76  
7 ·5  0 ·98  0 ·08 0 ·64 0 ·76 0 ·76 
7 · 7  1 · 06 0 ·20 0 ·58 0·84 0 ·76 
7 · 7  1 · 1 8  0 ·38 0·60 0 ·92 0 ·82 
7 · 7  1 · 30 0·60 0 ·66 1 · 00 1 · 1 5  
7 · 7  1 · 36 0 ·82 0 ·78 1 · 20 1 ·22 
7 · 7  1 ·44 0 ·98 0 ·96 1 · 34 1 ·38 
7 · 7  1 · 50 1 · 00 0 ·98 1 · 40 1 ·44 
7 · 7  1 ·54 1 · 00 1 · 04 1 ·40 1 -50  
7 · 8  1 ·56 1 · 1 0  1 · 1 0  1 · 50 1 ·54 
7·8 1 · 60 1 · 1 8  1 · 1 6  1 · 58  1 · 60 
7 · 9  1 · 70 1 ·28 1 ·24 1 · 62 1 ·65 
8 ·0 1 · 86 1 ·40 1 · 3 8  1 · 70 1 · 72 
8 ·0  1 · 88 1 ·58 1 · 56 1 · 86 1 · 84 
8 ·0  1 · 80 1 · 60 1 · 60 1 · 88 1 ·90 
8 ·0  1 · 72 1 ·56 1 · 56  1 · 88 1 · 90 
Figures in column l l  are differences between those of columns 7 and 8. 
Gain 
by S.F .. 
-�-
1 1  
1 · 1 1  
0 · 77  
0 · 74 
0 ·74 
0 ·7(} 
0· 55· 
0 ·23: 
0 ·26· 
0 ·41 
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(H 4  
0 · 1 0  
0·04· 
. . 
0·40· 
1 ·22 
1 ·22: 
0 ·74 
0 ·56· 
0 ·38  
0· 22 
0 · 06. 
. . 
. .. 
. . 
. . 
. . 
. . 
. 
-
.
.
. 
. . 
. . 
. . 
w
at
er
 Q
ua
nt
it
ie
s 
M
ill
io
n 
G
al
lo
ns
. 
A
lu
nt
in
iu
m
 
Su
lp
ha
te
. 
So
di
um
 
A
lu
m
in
at
e.
 
'J'A
BLJ!J
 1
1; 
l:'U
RI
FI
CA
TIO
N 
PL
AN
T 
OP
ER
AT
IO
N 
FI
CU
RE
S 
A.
 
So
da
 A
sh
. 
H
yc
lr
at
ed
 L
im
e.
 
T
it
ra
ta
bl
e 
R
as
e.
 
m
g.
e.
/l
. 
T
it
ra
ta
bl
e 
}l
as
e 
G
ai
ne
d 
in
 
S.
F
. 
_
1
 
 
 
 
 
 
 
 
 
 
 
 
 
 1 R 
 
T
ot
al
 
F
il­
tr
at
e.
 
R
ap
id
 
F
il­
tr
at
e.
 
Sl
ow
 
l!'
il­
tr
at
e.
 
T
on
s. 
 
nt
g/
l. 
Lh
. 
m
g/
l. 
J,h
, 
m
g/
l. 
 Lb
. 
M
ea
n 
  
F
ou
nd
 
T
ot
al
 
T
ot
al
 
  in
 
in
 
Fo
un
d 
Fi
l· 
C.
W
.T
. 
In
 
 
tm
tc
. 
C.
W
.T
. 
m
g.
e/
l. T
ot
al
 
S.
F
. 
 Fil
­
tr
at
e.
 
E
xp
. 
as
 
llt
g/
1. 
Nth
 
co
. 
E
xp
. 
as
 
m
g/
1. 
Ca
 
(O
R
),
 
A
s 
T
ot
al
 
in
 Ill
. 
Na
2 C
o a
 
A
s 
T
ot
al
 
in
 lb
. 
O
a 
(O
H
),
 
15·8
0 
 12·
61 
 3· 19
 
 
__
 
 
6·5
 
86 
1,99
4 
11·
6 
2,2
40 
14·2
 
0·2
7 
1,4
30 
9·1
 
0·2
5 
0·5
2 
0·4
1 
0·9
3 
0·9
6 
0·7
7 
0·1
6 
8·5
 
5·9
 
1,34
3 
932
 
--
--
--
--
---
--
--
---
--
--
--
--
---
7·0
 
95 
1,9
94 
11·2
 
2,8
00 
18·0
 
0·3
4 
1,5
80 
10·2
 
0·2
8 
0·6
2 
0·1
7 
0·7
9 
0·9
6 
0·7
4 
0·0
7 
3·7
 
2·6
 
575
 
404
 
15·
11 
I 1C·3
4 
I 4·7
7 
15·
53 
 14·
12 
 1·4
1 
A
. 
B
. c.
 
15·6
5 
 13·
70 
 1·95
 
 9·8
5 
 128
 
16·4
5 
14·2
0 
2·2
5 
8·9
2
14·
74 
 13·2
8 
 1·46
 
 ll ·4
 
1:3-4
6 
 1 Hl
4 
 1·62
 
 5·75
 
16·8
4 
 13·8
3 
 3·0
1 
 6·42
 
112
 
121
 
91
 81 
806
 
4·6
 
 2,2
+0 
 14·3
 
 0·2
7 
 2,2
40 
 14·4
 
 0·3
8 
 0·6
5 
 0· 1
7 
 0·8
2 
 0·9
0 
 0·7
4 
 0·0
9 
4·8
 
3·3
 
751
 
  D. 
 z,o6
o 
 �.o9
o 
 
o-7
0 
 
403
 
2 · 7
 
 
 
 
 
 
 0·0
5 
 
 280
 
 
F
. 
2,�
00 
 20·
1-l 
 o-+
0 
 2,30
0 
 17·
1 
 
  
 
 
2.2
40 
 13-:
l 
 0·2
5 
 2,3
00 
 13·7
 
 0·3
7 
 0·62
 
 0·5
5 
 1·1
7 
 I·1H
 
 0·2
6 
 0·0
5 
32 0
 
 
H
. 
3·0
 
16·5
5 
 13·7
7 
 2·7
8 
 7·0
 
 
 
 45
5 
_
_
_
 
 
__
 
 
__
 
 
__
 
 
_
 
 
__
 
 
_
_
 
 
___
 
 
_
_
 
 
_
_
 
 
__
 
 
_
_
 
 
__
 
 
__
 
 
__
 
 
_
_
 
 
__
_ 
 
__
 
 
__
 
 
__
 
 
__
 
 
_
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
_
_
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
__
 
 
2,0
60 
 12-o
 
 0·2
3 
 2,14
0 
 12·5
 
 0 ·:!
4 
 0·5
7 
 0·5
3 
 llO
 
 1-12
 
 0·4
5 
 o-o
s 
17·1
2 
 13·9
4 
 3·1o
; 
 6·6
7 
84 
1 , oo
o 
I 11 -5
 
 o-22
 
I 2,14
0 
 1 2 · !
) 
 0·3
5 
 o-5
7 
 0·52
 
 1 -0
9 
 
  0·4
1 
 0·0
7 
84 
4·2 
 
 2,24
0 
 
 
 3·4
1 
 62 
2 ,0
60 
12·2
 
 0·2
3 
1,84
0 
1 0 · 9
 
0 ·2
9 
0·52
 
0·6
6 
1 ·18
 
1 ·33
 
0·2
8 
0·0
6 
3·2
 
2 ·2
 
540
 
371
 
L
. 
�
13.73
�
 
 --
--
--
2,4
20 
1 5· 0
 l
o-:zs-
1,840
�
""().31
 o-
59 
 o:7
--
ll3
M.
_
_
_
_
_
_
_
_
_
 , _
_
_
_
_
_
_
_
_
 
 
-
-
-
 �
�
�
�
--
--
2,4
20 
�
�
:_
�
�
�
�
�
�
�
�
�
�
�
__
 
63 
N.
 
18 ·
68 
14·0
8 
4·6
0 
4·0
 
45 
2,0
60 
11·0
 I 0
·21 
1,6H
O 
!)·0
 
0·2
4 
0·4
5 
0·9
1 
1·3
6 
1·4
5 
0·0
4 
0·0
3 
1·6
 
1·1
 
299
 --
--o:-
� � � � c ">l � t'-i [: l'>j � � � en � t'-i � 
 
w
at
er
 Q
ua
nt
it
ie
s. 
A
lu
m
in
iu
m
 
So
di
um
 
M
ill
io
n 
G
al
lo
ns
 
Su
lp
ha
te
. 
A
lu
m
in
at
e.
 
1 
2 
3 
4 
5 
6 
7 
--
--
--
-
T
ot
al
 
R
ap
id.
 
Sl
ow
 
F
il-
F
il-
F
il
-
T
on
s. 
m
g/
1. 
Lb
. 
m
g/
1. 
tr
at
e.
 
tr
at
e.
 
tr
at
e.
 
--
--
--
10·7
0 
7·3
55 
3·3
45 
--
--
--
13·7
0 
9·5
00 
4·1
10 
1·6
 
38 
--
--
--
-
13·2
2 
9·95
5 
3·26
5 
8·5 
147
 
--
--
--
-
13·0
6 
11·6
00 
1·4
60 
10·0
 
172
 
--
--
--
-
13·8
0 
9·96
0 
3·84
0 
7·1
 
115
 
--
--
--
--
14·2
5 
9·58
5 
4·6
65 
7·4 
116
 
--
--
--
12·2
9 
6·8
55 
5·4
35 
5·4
 
94 
--
--
--
--
11-5
0 
4·6
60 
6·84
0 
3·3 
68 
13·4
3 
8·0
25 
5·40
5 
4·3
 
69 
336
 
2·4
 
13·2
7 
7·69
0 
5·5
80 
3·3
 
56 
448
 
3·4
 
13·
56 
8·0
20 
5·54
0 
2·9
 
47·
5 
448
 
3·3
 
13:0
0 
8·1
45 
4·8
55 
2·8
 
44 
672
 
4·8
 
13·1
2 
8·0
30 
5·0
90 
2·6
 
46 
672
 
5·4 
--
--
--
-
-
-
12·8
0 
8·0
50 
4·7
50 
2·6
 
43·
5 
336
 
2·5 
-
--
--
--
-
-
-
12·8
3 
7·63
0 
5·2
00 
2·3 
43·
5 
224
 
1·9 
--
--
-
·-
-
-
14·6
1 
9·6
05 
5·00
5 
2·5 
38·
5 
224
 
1·6
 
-
--
--
-
--
-
-
-
15·8
4 
10·4
90 
5·35
0 
2·1
 
31
 
400
 
2·7
 
-
15·4
3 
10·9
15 
4·4
55 
1·9
 
25 
400
 
2·4
 
--
--
--
·-
-
-
16·4
2 
10·4
80 
5·94
0 
0·9
2 
13 
400
 
2·5
 
--
· --
--
-
16·5
0 
12·
010
 4
·490
 
1·1
7 
15 
T
A
B
L
E
 
18. 
P
UR
H'
IC
AT
!O
N 
P
LA
NT
 O
PE
RA
TI
ON
 F
H
:U
RE
S 
II.
So
tht
 A
sh
. 
H
yd
ra
te
d
 
L
im
e.
 
T
it
ra
ta
bl
e 
B
as
e 
m
g.e
/1.
 
8 
0 
 
J,l.J
, 
Jn
g/
1. 
--
-
1,30
5 
9·9 
1,87
0 
14·3
 
--
1,49
0 
10·9
 
--
1,68
0 
11·8
 
--
--
1,30
5 
10·6
 
--
935
 
8·1
 
1,30
6 
9 ·7 
1,30
5 
9·8 
1,49
0 
11·0
 
935
 
7·2
. 93
5 
7·1
 
1,12
0 
9 · 0
 
--
1,12
0 
8·9
 
1,3
10 
9 ·0
 
--
1,4
90 
9 ·4
 
--
1,68
0 
10·9
 
--
1,49
0 
9·1
 
--
1,87
0 
ll·
3 
10 
11 
12 
13 
14 
15 
16 
17 
--
--
--
--
ut
g.
c 
/I
. 0·1
9 
0·2
7  
0·2
1 
0·2
2 
0·2
0 
0·1
5 
0·1
8
0·1
9
0·2
1
0·1
4
0·1
3 
--
0·1
7 
0·1
7 
0·1
7 
0·18
 
0·2
1 
--
0·1
7 
0·2
1 
M
ea
n 
11\
�.0
 
fo
un
d 
Lb
. 
lll
�/
1. 
A
d l
ie
d 
in
 
/I.
F
il
-
tm
te
.
 
--
!)7()
 
--
- 865
 
6·3 
1,17
0 
0·0
 0 11·
7 
1,68
0 
12·2
 
--
-
--
1,68
0 
11-8
 
--
-
-
-
1,68
0 
13·
7 
--
1,17
0 
10·2
 
1,3
25 
9·9
1,42
5 
10·
7 
1,22
0 
9·0
 
1.0
70 
8·2
1,02
0 
7·8 
-
-
1,48
0 
11·
6 
-
-
-
--
-
1,37
5 
10·
7 
-
--
110 10·2
 
--
-
-
--
1,68
0 
10·6
 
1,3
25 
8·6
 
--
920
 
5·6
 
--
1,02
0 
6·2 
--
-
--
0·1
7 
0·1
7 
1·82
 
-
-
-
-
0·2
4 
0·4
3 
--
0·3
2 
0·5
9 
0·3
3 
0·5
4 
0·32
 
0·5
4 
-
0·3
7 
0·5
7 28
 
0·2
7 
0·4
5 
0·2
9 
0·4
8 4 0·45
0·2
2 
0·3
6 
0·2
1 
0·3
4 
--
0·3
2 
0·4
9 
--
-
0·2
9 
0·4
6 
-
-
0·2
8 
0·4
5 
--
-
0·2
!) 
0·4
7 
0·2
3 
0·4
4 
-
-
0·1
5 
0·32
 
-
-- 0·1
7 
0·3
8 
0·8
4 
0·2
4 
0·2
9 
0·2
6 
0·3
7
0·5
1
0·6
2
0·8
0
0·9
5
1·0
6
1·08
 
1·1
0 
1·17
 
1·2
7 
1·41
 
1·54
 
1·5
6 
1·5
6 
T
ot
al
 
T
ot
al
 
fo
un
d 
in
 
C.
W
.l'
. 
in
 
C.
W
.T
 
--
1
--
1·99
 
2·0
0 
-
1·2
7 
1·30
 
--
0·8
3 
0·8
0 
-
-
-
0·8
3 
0·7
0 
-
-
--
-
0·8
0 
0·7
6 
-
-
- 0·9
4 
0·8
4 
--
-
-
-
0·9
4 
0·92
 
1·0
7 
1·00
1·28
 
1·20
1·40
 
1·34
1·42
 
1·40
1·42
 
1·4
0 
--
1:5
9 
1·50
 
-
--
1·63
 
1·58
 
--
-
-
1·72
 
1·62
 
--
--
Ul8
 
1·70
 
--
1·98
 
1·8
6 
--
1·88
 
1·88
 
--
--
1·94
 
1·88
 
T
it
ra
ta
bl
e 
B
as
e 
G
ai
ne
tl 
in
 
S.
l<'
. 
18 
 
19 
20 
21 
22 
23 
-
--
--
In
g:
.e
/1
. 
E
xp
. 
E
xp
. 
A
s 
A
s 
as
 
as
 
To
ta
l 
To
ta
l 
To
ta
l 
m
g/
1 
mg
/1 
in
 L
b
. 
in
 l
b.
 
F
li
t-
N
a,
C
a 
N
a,
 
Ca
 
S.
F
. 
tr
at
e.
 
c
o
3 
(O
H
),
 
C
0
3 
(O
H
),
 
-
-
-
-
-
-
--
--
A
_ 
--
--
--
.l.
 
--
--
-
--
--
--
1·22
 
0·30
 
65 
45 
2,12
5 
1,4
70 
c.
 
--
--
--
--
1·22
 
0·1
4 
65 
45 
950
 
660
 D
.
-
--
--
--
--
0·7
4 
0·2
1 
39 
27 
1,50
0 
1,03
5 
E
.
-
-
-
--
--
--
--
0·5
6 
0·1
8 
30 
21 
1,40
0 
980
 F
.
-
-
--
--
--
--
0·3
8 
0·1
7 
20 
14 
1,0
90 
760
 G
. 
--
-
--
--
--
--
--
--
0·2
2 
0·1
3 
2 8 
820
 
550
 H
.
0·0
6 
0·0
2 
3 
2 
160
 
ll
O 
J. J.
 
K
. 
L
. 
M
 . 
--
--
--
--
N
. 
--
-
--
--
0
. 
--
-
-
--
--
--
P
. 
-
-
-
--
·-
Q.
 
-
--
--
R
. 
s.
 
--
-
- '1'.
 
� C") � � � t-< [: l:>j � � � en �  � <:.1 1/.1 
54 EFFECTS OF ALGAE ON WA TER SUPPLY. 
The isoelectric point for Al ( OH ) 3 is approximately 5 -5 and at values
appreciably lower than this, free Al + + + ions exist in significant concentrations. 
In Brisbane River water with turbidity values ranging from 1,000 to 20,000
mgm/1, the negatively charged colloids may be in such concentration a,nd may
carry such a proportion of prot€cting lyophile colloids, that in order to ensure
sufficient concentrations of positively charged aluminous colloids for complete
coagulation and clarification, the requisite application of aluminium sulphate
produces pH values well below 5 -5 ; however, with sodium aluminate used
conjointly with the sulphat€, the required effects are achieved without this undue
depression of the pH. This is important in operation, for if water carrying
Al + + + ions and high uncombined 002 concentration is applied to the Slow
Sand filters, under the conditions holding within the beds with their stored
Ca003 and lVIg ( OH ) 2 , the Al+ + +  ions react to produce Al ( OH ) 3 , which is
lodged throughout the sand and largely fills the interstices with a not readily
permeable gel. As a result the filters choke rapidly and the orthodox surface
scraping giv€s little relief, for they return to operation with high initial head
loss which again rapidly builds up. From the purely mechanical aspect, filter
performance and filter condition are defined in terms of loss of head. This factor
is made up of velocity head-i.e . ,  the sum of the heads required to produce the
rate of flow, and friction head or the head required to overcome all frictional
resistance throughout the whole system. The velocity head is small compared
TABLE 19 .  
TABLE SHOWING BEHAVIOUR OF SLOW SAND FILTERS UNDER DIFFERENT CONDITIONS 
OF APPLIED WATER. 
A. pH at no time during treatment less than 5 ·5 .  
B .  pH during four days at  beginning of  treatment less than 5 ·5 .  
Gallons Filtered p e r  s q .  ft. Quantity of Silt imposed 
Loss of Read Inches Daily Readings, 
per Hour. on each Filter Lb. /24 hours. Filter No. 3 .  Filter No. 4. 
A.  B .  A .  B .  
1 ·70 1 · 65 140 240 
1 · 8 7  1 · 5 1  390 160 
2 ·26  2 · 00 2,380 370 
1 · 7 1  1 · 80 130 240 
2 ·40 1 · 7 8  880 220 
2 ·34  1 · 5 1  490 160  
2 ·52  1 · 7 7  460 220 
2 · 34 1 · 9 6  550 360 
3 · 1 0  1 · 77 730 260 
3 · 2 1  2 · 0 6  620 280 
2 · 1 7  2 ·02  400 320 
3 · 1 4  1 · 9 6  300 360 
2 · 7 6  1 · 53 580 240 
2 ·75  2 · 1 4  5 1 0  3 1 0  
2 ·38  2 ·36  440 320 
1 · 95 2 ·29  360  340 
2 · 1 2  2 · 1 8  390 250 
2 · 1 8  2 ·22  300 190 
2 · 8 1  2 ·26  380 1 80 
2 ·42 1 · 79 300 140 
2 ·80  2 · 23 290 140 
2 ·59  1 · 96  240 100 
2 ·38  2 · 04 200 100 
2 · 72  1 · 9 8  190 80 
2 · 73  1 · 95 1 70 80 
2 ·96  2 ·04 190 70 
3 · 1 6  1 · 3 6  200 50 
A. 
4·0 
3·5 
3 · 5  
4 · 0  
5 · 5  
7 ·0  
5 ·5  
9 · 0  
14 ·5  
13 · 0  
. . 
. . 
7 ·0  
7 ·5  
8 ·0  
7 · 5  
5 ·0  
6 ·0  
6 ·0  
7 ·0  
6 ·0  
. . 
5 ·0  
5 ·5  
6 ·5  
6 ·0  
8 ·0  
B. 
6 ·5  
7 ·5  
1 1 · 5  
1 3 · 0  
1 5 · 0  
. .  
. . 
1 3 · 5  
1 6 · 5  
20·5 
22·0 
24·0 
. . 
. . 
12 ·0  
1 7 · 5  
1 9 ·0  
. . 
. .  
12 ·0  
12 ·0  
10 ·5  
10 ·0  
13 ·0  
13 ·5  
1 1 -5  
. . 
A. 
3·5 
3 ·0  
3 · 0  
3 · 5  
4 ·5  
4 ·0  
5 ·0  
6 · 5  
10 ·5  
1 3 · 5  
1 2 · 0  
13 · 5  
. .  
4·5  
7 · 5  
5 ·0  
5 ·5  
7 ·0  
6 ·5  
7 · 5  
6 ·5  
6 ·5  
7 ·5  
6 ·5  
7 · 5  
5·0 
7 ·5  
Breaks in  loss of head columns indicate filter shut-do wn for cleaning. 
B .  
4 ·5  
8 ·0  
10 ·0  
10 ·5  
1 1 ·0  
15 ·0  
. .  
. .  
. .  
8 ·5  
1 1 ·0  
14 ·5  
16 · 5  
. .  
. .  
12 ·0  
10 ·0  
12 · 0  
13 ·5  
12 ·5  
14 ·0  
15 ·0  
12 ·5  
12 ·0  
 
. .  
. .  
EFFECTS OF ALGAE ON WA TER SUPPLY. 55 
to the friction head, which is produced principally in the sand layer .  The 
character and quantity of the suspended material filtered out determine, in the 
main, the rate at which the filter chokes-i.e . ,  the rate at which the frictional 
resistance progressively increases or the rate at which head is lost . Obviously, 
under normal operation, the surface zone of a filter would present the greatest 
frictional resistance. Tables 19 and 20 show operation records of the Brisbane 
slow sand filter plant a;nd set out details for conditions of treatment both where 
pH values fell below 5 -5 and where they were maintained consistently above 5 -5 .  
From these figures it will be seen that despite heavier silt application to the 
filters coupled with higher rates of filtration with waters above pH 5·5, longer 
runs were obtained and initial head losses were lower after cleaning than in the 
case of waters below 5-5 with appreciably lighter loading. For in the former, 
choking was a surface effect removable by surface scraping, whereas in the latter, 
with free Al + + + ions applied, the choking was internal. This condition of 
internal choking was known to the filter operatives as waterlogging, not because 
of its bearing on filter performance, but rather because the manual sand scraping 
operations entailed much heavier work than under normal conditions. Tables 
are also attached showing the effect on this internal choking of waters of pH 
7-5 to 8 -0, which, ordinarily, soon follow periods of fresh. In this case the 
TABLE 20. 
TABLE SHOWING EFFECT OF FILTERING WATERS OF PH 7 ·4 8·0 THROUGH FILTERS 
IMPREGNATED WITH A1 (QH)3  RESULTING FROM REACTION OF A1 + + + IONS (IN
LOW PH WATERS FROM COAGULATION) WITH ALGAL DEPOSITED CaC03•  
Day. 
--· 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10  
l l  
1 2  
1 3  
14 
15  
1 6  
1 7  
1 8  
I 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
l l  
1 2  
1 3  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 .
0 0 
0 0 
0 0 
0 .
0 .
0 0 
0 .
. . 
0 .
0 0 
• 0 
0 0 
0 0 
• 0 
Gallons Filtered 
sq. ft./hour. 
2 ·54 
2 ·22  
2 ·50  
2 · 74 
2 ·73  
2 ·86  
2 ·20  
2 · 1 5  
2 ·32  
2 ·06 
2 ·44 
2 ·40 
2 ·84 
2 · l l  
2 · l l  
2 · 1 0  
2 ·07 
2 ·35  
2 ·60 
3 · 1 5  
3 ·22 
2 ·30  
1 ·95  
2 ·03 
2 ·00 
2 ·02 
1 · 7 5  
1 · 8 7  
1 · 88 
2 ·30  
1 ·88  
(Figures are for three different filters . )  
J,oss of  Head 
Inches Daily 
Readings. 
Day. 
-- --
13 ·0  1 
10 ·5  2 
6 · 5  3 
7 · 0 4 
6 ·0  5 
6 · 5  6 
5 ·0  7 
4 · 5  8 
6 ·5  9 
9 ·5  10  
7 ·0 l l  
6 · 5  1 2  
7 · 0  1 3  
8· 0 14  
8 ·5  15  
8 ·5  16  
1 1 ·5  17  
2 1 · 5  1 8  
1 9  
8 ·5  20 
7 ·0 2 1  
8 ·5  22 
6 ·5  23  
4 ·5  24 
5 ·0  25 
4· 0 26 
1 · 5  
2 · 5  
4 ·0  
4· 0 
6 ·0  
6 ·5  
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 .
0 .
0 .
0 .
0 .
0 .
0 .
0 . 
0 .
0 .
. . 
. . 
. . 
Gallons Filtered 
sq. ft./hour. 
2 ·27  
1 ·98  
2 ·02 
2 ·23 
2 ·09 
2 ·33 
2 ·39  
1 · 8 1  
2 ·43 
2 ·43 
2 · 1 6  
2 · 1 3  
2 · 36 
2 · 54 
2 ·24 
1 ·98 
2 ·00 
1 · 86 
2 · 74 
3 ·08 
2 ·32  
2 · 06 
2 ·32  
2 ·34 
2 ·35 
2 ·58  
Loss o f  Head 
Inches Daily 
Readings. 
16 ·5  
1 6 · 5  
16 ·5  
l l · O  
10 ·0  
8 ·5  
7 · 5  
9 ·5 
9 ·5  
8 · 0  
8 ·0  
8 ·5  
9 ·5  
7 ·5  
6 · 5 
7 · 0  
7 · 5  
9 ·0  
9 ·0  
9 ·5  
8 ·0  
7 ·5  
8 ·5  
10 ·0  
9 ·5  
15 · 5  
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Al ( OH ) 3  entrapped in the sand bed is slowly converted to aluminate ions and 
thus removed with a progressive clearing of the choked condition. Again head 
loss records are used to demonstrate this effect . Under ordinary circumstances 
the initial loss of head in a filter returned to operation after cleaning is low, 
the value building up gradually as the period of service increases and the silt 
layer and surface biological growths develop. In these figures, however, there 
is shown a progressive decrease in head loss from day to day, indicating an effect 
contrary to choking ; in due course equilib'rium is established between the two 
opposing actions, until that inducing choking predominates and a normal 
progressive increase in loss of head occurs. Thus, while algal activity towards 
storage of Ca003 within the slow sand filters during periods of clear water is 
beneficial in so far as it allows significant economies in correction chemicals, both 
at times of coagulation and at times when bacterial production of 002 in the 
beds is excessive, yet, during periods of coagulation, care must be exercised to 
prevent significant concentrations of Al + + + ions reaching the slow sand filters. 
Maximum turbidities, requiring heavy chemical dosage and resultant low pH 
water, occur at the onset of periods of coagulation, and coincide with maximum 
Ca and Mg storage within the beds ; in a plant such as Brisbane 's, frequently
<>verloaded and barely capable of meeting peak demands under good conditions, 
careless control of coagulation may result in serious operational difficulties and 
failure to meet demand with filtered water. 
In Table 21 are shown results of analyses made on deposits obtained from 
the leaves of the aquatic plants Hydrilla verticillata, Potamogeton perfoliatus 
and Vallisneria spiralis ( Plates 57-60 ) ,  plants which, among others, are widely 
distributed in the Brisbane River and its tributaries .  The composition of any 
such deposit would depend largely on the characteristics of the water in which 
it occurred ; in the streams from which the plants for these analyses were 
obtained, the dissolved constituents are suoject to wide seasonal fluctuations in 
concentration, the limits , in mgm/l. , being approximately as follows :-Ca++ 35 
to 15, Mg+ + 35 to 12, HC03- 180 to 80, with pH values between 8 ·2 and 7 ·1 ; 
the lower values hold during moderate to high flow stages. The carbonate 
material lodging on the plant leaves takes a considerable time to build up to 
quantities sufficient for collection and, with continuously varying water 
characteristics, it is not possible to consider it in terms of the environment of 
formation. Small scale herbarium tests have shown that growth rates of the 
plants are relatively slow; and with low intensity of carbon assimilation, marked 
changes are not brought about in water characteristics . During times of fresh 
in the streams the plants are washed free of the deposits, partly at least as a 
result of re-solution by water highly unsaturated to Ca003, and general observa­
tion suggests that the deposits are formed during periods in which the water is 
saturated or near-saturated, this condition being probably established principally 
by the much more vigorous activity of filamentous algae which also are prevalent 
in the streams. In such water the equilibrium movement resulting from the low 
C02 removals under slight photosynthetic activity would be sufficient to promote 
conditions favourable to the precipitation of Ca003 •  In soft waters with low 
Ca+ + and HC03- concentrations Hydrilla and Potamogeton are abundant 
around Brisbane, but at no time has the writer found them carrying carbonate 
material as they do under the relatively hig·h Ca + +  concentrations of the harder 
water streams. 
Of many plant samples examined, few of Vallisneria carried the deposit 
sought, and these were in places of no apparent flow ; most samples of Hydrilla 
and Potamogeton were generously encrusted, the material being readily remov­
able from the latter by washing the fresh plant under water . In the case of 
Hydrilla it was more firmly adherent and removal was effected by brushing the 
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air dried leaves. Ample quantities for investigation were easily obtained except 
in the case of V allisneria. The samples carried varying quantities of silica, which 
was almost wholly due to diatom lodgment on the plants. The figures below are
results of analyses of four deposits drawn from plants from the same stream at 
the same time, three being from Hydrilla and one from Potamogeton. A. from 
Hydrilla and B. from Potamogeton were taken from the same pool and in both 
cases plant growth was relatively light . C. and D., both from Hydrilla, were
from plants located about three miles upstream from A. and B. and from pools 
a few hundred yards apart ; plant concentration in both C. and D. was extremely
dense, a condition which explains the much higher proportions of diatom silica 
and organic matter collected with the deposits in these cases. 
TABLE 2 1 .  
-
Hydrilla. Potamogeton. Hydrilla. Hydrilla. I A.  B .  
CaO ---- ---- -----�---m% 45 6 %  
MgO . 
 
0 ·8  2 ·0  
co.  . . 34· 7 37 ·9  
c .   D. 
l9 ·0% 28·5 % 
1 · 1  1 · 8. 
14 ·7  
 
22 ·2: 
Combined water (calculated) . . 0 ·2  
R 20 3  • 
 
3 · 1  
Si0 2 • • 7 ·5  
Free water and organic matter (by 
 
difference) . . J 
Calculated
CaC03 . .
Mg (OH) 2 
MgC0 3 
   
9 ·9  
78 · 2  
0 ·7  
0 ·6  
0 ·5 
4 ·9  
9 · 1  
8 1 ·4  
4 ·0  
0 ·6  0·!) 
4·7 4·7 
28 ·7  1 7 · 7  
3 1 · 2  24 ·2. 
33 ·7  50 ·7 
1 ·6  2 ·6  
In C .  and D .  t h e  theoretical requirements of c o .  f o r  th e Ca found are 14.9 and 22 .4  respectively 
against the 14.7 and 22 .2  �ound. 
TABLE 22.  
ANALYSES OF PLANT AsH. 
(Figures are percentages of air dried material. ) 
Brisbane River and Tributaries
Cladophora 
Spirogyra 
Microcystis 
Nitella 
0 0 
Potamogeton 
Hydrilla 
From Birge and Juday ( 75)
Cladophora 
Spirogyra 
Microcystis 
Microcystis 
Anabaena 
Volvox 
0 0  
 
 0 
 0 
 
,
. .  I 
Ash. 
I  
JlfgO .  
29 ·9  0 ·8  1 ·3  
6 ·0  0 ·8  0 ·8  
5 · 1  0 ·6  0 ·4  
10 ·5  2 · 1  2 · 2  
4 ·7  0 ·9  0 ·5  
l l · 8  0 · 3  0·4 
26 ·54 3 ·26  1 ·62 
9 ·0  
4 ·3-7 ·5  
4 ·3  0 ·92  0 ·63  
7 ·2  1 ·42 0 ·70 
6 ·3  1 · 1 0  0·93 
 
R, O ,. 
1 6 · 6  8 · 2 1 · 9  0 ·5  
1 · 5  I 0·!) 1 · 4  2 ·3  
1 · 0  0 ·3  
8 ·7  1 · 1  
7 · 1 0  1 · 80 
0· 1 3  0· 84. 
0 ·95 1 · 27 
0· 24 0 · 80  
The results found on Brisbane specimens of algae differ appreciably from 
those of Birge and Juday, particularly in the case of Cladophora. These workers 
report ash content of l\Iicrocystis from 4-3 to 7 -5 per cent. ; two samples of 
Spirogyra, both S .  majuscula, from Brisbane gave ash contents of 6-0 and 7 ·8 
per cent .  It appears therefore that considerable variations are possible in the
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non combustible constituents of such plants. The lower ash Spirogyra came from 
the Brisbane River and the higher ash plant from the very soft Enoggera supply. 
As has been stated previously, epiphytic diatoms do not attach themselves to 
Spirogyra on account o£ its mucilaginous pectase sheath (Plate 43 44 ) and Ca and 
l1g depositio.n on the filaments would not occur in the soft water. In any case 
the analyses do not reveal concentrations of these constituents suggestive of such 
probabilities. Birge and Juday do not state the species of Cladophora examined ; 
the Brisbane specimen was C. glomerata. Cladophora may frequently carry high 
concentrations of epiphytes, for its filaments are not enclosed in pectase sheaths 
as are those of Spirogyra, but the specimens examined for ash were from freely 
flowing water and microscopic examination showed a marked paucity of attached 
diatoms. All plant samples before drying and ignition were submitted to 
prolonged immersions in distill ed water ( pH 5 -5-6 -0 )  to remove CaC03 which 
may have been present . 
In Table 23 the above figures, together with those obtained from 
other deposits, are shown, and to permit ready compariso,n they have been 
calculated on a basis free from water, silica and extraneous matter generally, 
only those determinations covering calcium and magnesium being set out. In 
the Hydrilla ( E . ,  F. ) and Potamogeton ( G. ,  H. ) deposits these unentered 
constituents made up approximately 10 per cent. of the total as in A. and B . , 
while with Vallisneria they comprised 60 per cent . ,  there being present much 
silica and organic matter. It is not considered that the Ca and Mg content of 
the organic matter appreciably affected the results, except in the case of 
V allisneria . The Ca and Mg constituents of the algal forms and leaf particles 
likely to have been occluded in the deposits may be tak€n broadly from the 
following figures :-
From the plant analyses set out it will be seen that the Ca and l\Ig 
contents of the algal forms and leaf particles likely to have been occluded in the· 
deposits are of the order of 1 per cent . calculated on air dried material, and 
therefore in the case of most of the deposited carbonate materials, this factor 
cannot seriously have influenced the results. As in analysis of other deposits, 
calcium was determined by titration as oxalate against N/20 KMn04, magnesium 
by the 8 hydroxyquinoline method and C02 by acid evolution and absorption in 
a standard train, the absorbent being ascarite .  Duplicate analyses were in agree­
ment within 1 to 2 per cent. Sodium and other bases were present in traces 
only, as also ·were other acid radicals . In the tables, C02 has been combined with 
Ca first, the residual C02 has been combined with Mg, while l\Ig beyond the 
C02 requirement has been computed as hydroxide. 
In samples C . ,  D . ,  E. and F.-all from Ilydrilla-the C02 is exhausted 
on combination with Ca ; the determined values of C02 fall short of the theoretical 
requirement for the determined Ca, the divergence, however, being within the 
limits of experimental error, as may be seen from the equivalent values in the 
table . In A. ,  which was also from Hydrilla, the C02 is in excess of the Ca 
requirement, but by an amount attributable to experimental error ; in calculating 
probable percentage composition, however, this doubtful excess has been used 
normally and small percentag?s of both magnesium carbonate and hydroxide are 
shown. In E .  and F . ,  Mg ( OH) 2 appears as low percentages of the total deposits, 
with absence of MgC03 •  It  is possible that the Mg was present as carbonate, 
the determined values of C02 being too low. However, if this were so, the errors 
in C02 determinations would require to have been 3-5 per cent . for E. and 3-7 
per cent. for F. , errors considerably in excess of the differences found between 
individual results of triplicate analysEs. In C.  and D. the presence of Mg ( OH) 2 
appears definite.  
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In G. and H.�both from Potamogeton-there seems no doubt as to the 
presence of J\Ig ( OH)  2 while MgCOs is very definite ; in B .-also from Potamoge­
ton-MgCOs is present though in much lower concentration than in G. and H. ,  
but Mg ( OH ) 2  is doubtful. 
In gen�ral it may be taken that, of the samples examined, all were 
comprised principally of CaCOs, those from Hydrilla carrying up to 5 per cent. 
of Mg ( OH ) 2 with little MgCOs, while those from Potamogeton carried some 
l'.Ig ( OH ) 2  with higher proportions of MgCOs.  The presence of Mg ( OH ) 2 is 
readily explained from theoretical considerations, but this is not so for MgCOs 
as a distinct, solid phase , for in the waters in which it has been formed under 
plant activity the ratio [Mg+ + ]  [ COs= ]  I [ Ca + + ]  [ COs = ] = 2,200 could not
possibly have been approached. In view of the doubt concerning the possibility 
of the formation of low solubility basic carbonates, and the inference to be drawn 
from these analyses, particularly that of B. ( Potamogeton ) ,  it appears probable 
that the Mg003 is deposited as a double carbonate with CaC03•  Intensity of 
photosynthetic activity as well as the characteristics of the water in which the 
plants grow probably influences the composition of the material deposited on
the leaf surface. In the Brisbane waters the growth rate of Hydrilla is much 
greater than that of Potamogeton, while this in turn exceeds that of Vallisneria.  
Moreover, the deposit on Hydrilla is firmly adherent, while that on Potamogeton 
is easily removed, so much so that care must be taken in removing the plant from 
the water to avoid losing the material through washing off. The deposit on 
Vallisneria is even more loosely held, and this may account for the fact that 
most specimens do not carry it at all ; the specimen examined was heavily 
eontaminated with organic matter and diatoms, and this factor may have been 
responsible for its non adherent characteristics. The degree of adherence may 
be related to the characteristics of the leaf surface itself, although microscopic 
examination does not support this, a view which has been confirmed by White, 
C .  T .  ( 7 6 )  ( Queensland Government Botanist ) ,  who has reported that ' ' examina­
tion of the leaf surfaces does  not reveal any mechanical feature of either S)pecies 
which would qualify it as more efficient in holding lime accumulations. Serrated 
leaf edges and projecting cell walls are present in both species . ' '  The composi­
tion of the deposit probably has a bearing on its degree of adherence, but too 
few samples have been examined to allow firm conclusions to be drawn in this 
regard. 
In addition to an abundance of the foregoing plants throughout the 
.streams contributing to the Brisbane supply, there occur also large accumulations 
of filamentous algae, chief among them being Spirogyra, Cladophora and 
Zygnema, particularly during the months April to November when heavy rains 
and high stream flows are infrequent. These algae occur attached to rocks in 
the rapids, to submerged timbers and such objects in the deeper reaches, and in 
great masses unattached or lightly attached to the bottom in shallow, sluggish 
pools. Many other forms are present also, but those mentioned constitute the 
major proportion of the algal flora, and, as such, are the ones responsible 
principally for any progressive changes in water characteristics. As it is not 
feasible to collect for analysis deposits of carbo,nates lodging on algal filaments, 
the only method of approach is by examination of the waters themselves in which 
the algae are growing . . 
To determine the general effects on the water of the active growth and 
decline of these plants, laboratory experiments were carried out over a consider
able period. For the purposes of experiment, glass tanks of rectangular section 
.and of approximately sixty litres capacity were used, the plants, after cleansing 
in distilled water, being held in place by embedding in a layer of selected
.quartzite pebbles free from calcium and magnesium. E ach tank was provided 
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with sectional glass covers and two symmetrically placed stirring paddles were 
installed to allow mixing to uniformity before samples were withdrawn for test­
ing, ten minutes elapsing between mixing and sampling to avoid material brought 
into suspension by the stirring. Observation indicated that this tim:e was 
sufficient for resettling of bottom deposits, samples being taken from approxi
mately midway. Automatic siphons, with funnel intake, were fitted for sampling 
purposes, while maximum minimum thermometers were immersed in the tanks 
for temperature records. Samples were drawn daily over each period of test at 
7 a .m. and 6 p .m. ,  the tanks being covered at night to exclude light until the 
morning sampling. By this, somewhat longer periods of night conditions were 
imposed than would occur naturally, there being absent the early morning 
transition stage during which some photosynthetic activity would probably take 
place ; hourly tests, however, over certain twenty-four hour periods-results of 
''�hich are shown later-indicated that this early activity was not appreciable . 
A blank ta,nk was used for check testing. The samples from this, throughout 
any one of several periods of test, displayed no significant variations in the 
determined characteristics of the water. In all cases where necessary, prompt 
attention was given to determinations, such as those of dissolved oxygen, pH, 
free 002, titratable base and nitrogen. Samples for the measurement of dissolved 
oxygen were drawn in 250 mls. bottles suitably in train with 1,2QQ mls .  bottles, 
thus providing approximately five displacements to sweep out air and so avoid 
atmospheric oxygen contamination (experience with many oxygen free waters 
has shown that this procedure gives adequate protection ) .  In all sampling, the 
siphon discharge tube extended to the bottom of the collecting bottle to eliminate 
turoulence. 
Standard solutions used for titrations were protected in the recognised 
manner against contamination, &c. ,  quantities b eing drawn off by siphon each 
stock bottle in train with large bottles of the same reagent. Reagents s�ch as
Ka2003 and Na2S203 were made up daily. For titratable base, N/50 sulphuric 
acid was used and for free 002,  N/44 sodium carbonate. These strengths were 
adopted as they allow burette readings of satisfactory magnitude, and, at the 
.same time, give direct readings. Standard measuring apparatus was used 
throughout . For all determinations 1QQ mls. of water were used except for 
calcium magnesium, nitrogen and dissolved oxygen, where 25Q mls. were taken. 
Indicators for titrations were methyl orange and phenol phthalein, the end point 
for the former being found by comparison with water saturated to carbon
dioxide.  pH measurements were made colorimetrically, at least two indicators 
being used in each case, frequent checks being made against buffers potentio­
metrically standardised. Values below 8 were checked potentiometrically with 
a quinhydrone electrode. Calcium was determined by precipitation as oxalate 
under carefully ·controlled conditions and titration against standard N/20 K:M:n04• 
For magnesium, the 8 hydroxyquinoline method was used, the results of the 
KMn04 titration being checked colorimetrically against the residual excess 
reagent-in this satisfactory agreement was found. Before adoption, this method 
was examined fully against standard Mg solutions ; it was found that concordant 
and accurate results were to be obtained under careful and standardised 
procedure. 
Titrations with H2S04 and Na2C03 were carried out in flasks of capacity 
to give the minimum free air space, while opportunities for air circulation and 
turbulence were, as far as possible, eliminated. Titratable base was determined 
.on samples filtered through Munktell QQ. papers. The filtrations were carried 
out within the minimum of time, and precautions taken to avoid turbulence and 
air entrainment. Filtration was assumed to have removed any suspended 
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particles of precipitated Ca and J\.Ig compounds-dark ground observations of 
filtrates appeared to confirm this assumption. Titratable base was regularly 
determined also on unfiltered samples, differences being at all times negligible , 
indicating that supersaturated CaC03 escaped precipitation during paper filtra­
tion. This accords with the results found by shaking supersaturated water with 
sand. In the tables attached, filtered values have been used. 
The phenol phthalein titrations, de.spite all precautions and adherence b 
standard procedure, did not give satisfactory results. It is well recognised that 
in analysis of water to determine the values of the several factors involved in a 
consideration of the carbonate equilibrium, it is impossible, with present methods, 
to obtain, in all, reliable results. For instance, where free C02 is low, titration 
with Na2C03 or NaOH tends to give an over estimate, while, where it is high, 
results recorded are low on account of loss of C02 during titration ; and, as the 
end point is transitory in air, another difficulty is introduced. Similar errors 
occur in the titration to phenol phthalein of the so called alkalinity. Further, 
the generally accepted analytical procedure of the methyl orange-phenol 
phthalein titration, while it may be sufficiently accurate for technical analyses of 
ordinarily strong solutions, may not justifiably be adapted to water analyses, as 
has been generally done. One of its basic assumptions, that neither free C02 
and C03 = ,  nor HC03- and OH- may co exist is unsound, for in any aqueous 
solution involving carbonates all must exist together with H + ,  under definite 
equilibrium demands for any given set of conditions. The term " total alkalinity 
to methyl orange ' '  used in standard methods of water analysis actually represents 
the equivalent concentration of titratable base, and is defined by the equation 
previously set out, i.e .-
Of the experimental values, the two upon which most reliance may be placed 
are those of pH and titratable base. Under suitable and controlled conditions, 
the pH may be read, by the methods employed, to 0-1 unit, and the titratable 
base to 1 to 2 milligrams/litre, this latter representing 0-1 to 0 ·2 mls. of N /50 
acid when 100 mls. of water are taken for titration. For reliable results from 
this titration, it is required that standard solutions, accurately prepared, be 
stored in paraffined_ bottles under fully protected conditions, and that the end­
point be most carefully approached under proper conditions of lighting and 
background. The relative errors in pH values are considered not to exceed 0-05
unit , but in slightly buffered solutions the absolute error is probably of the order 
of 0-1 unit. Consideration of the effects of small errors in pH measurement has 
been given earlier. In the following, as in previous tables , the expressions: 
deduced from the equilibria equations have been used to calculate the values of 
the various components. 
In Tables 24 and 25, for the calculation [ HC03-] , &c. , ionic strength is: 
assumed to have been constant, and temperatures have been taken as 25° C .­
errors arising from these assumptions would be negligible. Series A. ,  Table 24, 
gives readings for seventeen consecutive days under initially lightly populated 
conditions. 
In general, the effects appear to be independent of the hours of sunlight 
( column 2) on any particular day ; this is to be expected in view of the previously 
stated findings of other workers that algal activity is at an optimum in diffused 
light. The tanks received direct sunlight between 9 a.m. and 12 noon. In the 
series of tests covering hourly to two hourly samplings over twenty four hour 
periods, it will be seen that peak activity was reached between 2 p.m. and 4 p .m , 
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and, presumably, optimum light conditions held during these hou.rs for the 
particular environment of these tests. There is a regular increasB in pH during 
the hours of photosynthesis with a decrease overnight due to bacterial and algal 
respiration of C02•  As is well known, thB anabolic plant processes of photo­
synthesis consume C02 with evolution of oxygen, whereas in the katabolic 
processes involving the breakdown of protoplasm to cellulose,  &c. , oxygen is 
assimilated and C02 expelled. The latter processes are masked by the former 
during the day, but, being independent of light and chlorophyll, they are 
continuous. The table shows a progressive decrease, from day to day, in 
titratable l:iase ( column 10) , while, in general, there is an over night r:ise ( column 
9 ) .  This night rise is due to re solution of precipitated base by 002 produced 
as already stated, and active in this direction owing to the night absence of 
photosynthetic requirements. Throughout, however, the water remained 1'\Uper
saturated to CaC03 (with this water, saturation at 25° C .  held at pH 8-0 to 8 -1 ) .  
The rise in titratable base overnight, as also in the case of the decrease during 
the day, was definite but not constant-several factors could account for this 
inconstancy, one of them being experimental error. However, in this, as in other 
�ases of lightly populated tanks, changes in the first few days in either direction 
were small. 
The following table sets out the initial analysis of the water used in the 
experiments, with its calculated ionic strength. For the calculation of [HCO -3 ]  
in this analysis, the approximation i s  used that all titratable base i s  equated to 
HC03 - , i.e. that [ C03 = ]  and [ OH- ]  for this purpose are negligible under the 
conditions initially holding in the water. 
ANALYSIS OF WATER. 
Monovalent ions m;lm/1. Molal Concentration. Divalent ions mgm/1.  Molal Concentration. 
Na + 
Cl ­
Hco . -
L; (cl) 
53 
1 30 
162  
0 ·0087 
0 ·0087 
Ionic strength fL 
0 ·0023 
0 ·0037 
0 ·0027 
Mg + +  
Ca + + 
SO,  
Si0 3  
.E (c ,)
.E (c 2v22 ) 
! (.I;c1v1" + ,Ec 2v2") 
34 
32 
1 2  
3 
0 ·0014 
0 ·0008 
0·0001 
0 ·00005 
0 · 0024 
0·0094 
0 ·009 
In the tables following are set out results of determinations made on two 
series of tests run concurrently ; Spirogyra was used in both series, one tank being 
lightly and th� other heavily populated. These are typical of general results, 
and serve to show the variations which occurred in the tanks and which may be 
regarded as occurring in shallow pools and reaches in which the Brisbane River 
and its tributaries abound during dry weather flow. 
In series A, Table 24, columns 12 and 13 show respectively concentrations 
of H003-, C03= and uncombined 002, and present an approximate quantitative 
statement of the equilibrium holding at each occasion. These values have been 
calculated from [ B + + ]  and [ H+ ] ,  and columns 14 and 15 merely provide a 
check test on the arithmetical results in terms of the stoichiometric relationship . 
As has been stated, C02 was determined by titration, but results were variable 
and inaccurate ; it is believed the calculated values offer a more nearly correct 
picture. 
c 
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Columns 16 and 17 show dissolved oxygen values both in milligrams per 
litre and percentage saturation. Comparison of morning and afternoon figures 
indicates the appreciable quantities of oxygen arising from the processes of carbon 
assimilation, high degrees of supersaturation being attained at times ; morning 
values are much lower than afternoon values and the loss overnight may be 
attributed ( i . ) to normal escape from the supersaturated condition, where super­
saturation held ; ( ii . ) to consumption by aerobic bacteria ; ( iii . )  to consumption 
in the katabolic plant processes of protoplasm conversion. As for the greater 
part of the time the water was unsaturated, and as the tanks were generally clean 
and substantially free from organic debris ( vide nitrogen and ' ' oxygen 
consumed ' '  values attached )  the algae itself was probably responsible for the 
greater part of this consumption-averaging 4 milligrams per litre of water, 
neglecting occasions of supersaturation. However, in view · of the uncertainty 
of the several factors involved, it is not feasible to equate variations in titratable 
base, dissolved oxygen and carbon dioxide. 
During the experiments there was considerable plant growth. At all times 
traces of iron were present sufficient for normal chlorophyll development, and 
no signs of chlorotic conditions were apparent. Progressive determinations for 
nitrogen were made on Series A, together with " oxygen consumed "  values-i.e . ,  
the amounts of oxygen consumed by the organic matter in the water from 
potassium permanganate in thirty minutes at 100°  C. In these, as in the nitrogen 
figures, there appears no defined relationship to the other determinations nor to 
the time of sampling. In organic nitrogen and oxygen consumed, there was a more 
or less progressive increase, as would be expected ; nitrite nitrogen was very low 
and substantially constant, while in ammonium nitrogen there was an early and 
appreciable rise with a later falling away to low values ; there was no decrease in 
organic nitrogen corresponding to the increase in ammonium nitrogen to support 
explanation in terms of bacterial activity, yet the increases were too great and too 
persistent to be regarded as adventitious or due to errors in analysis. 
In Series B, Table 25, the tank was planted with a much higher concen­
tration of algae than in Series A. In addition to the values shown in A, in this 
case [ Ca + + ]  and ['1\ig+ + ]  were also determined, the series extending over four­
teen consecutive days. For eight days intense activity prevailed, as can be seen 
most readily by reference to pH ( column 6 )  and dissolved oxygen ( columns 23 
and 24 ) . With the much heavier plant concentration, higher pH values and 
higher dissolved oxygen supersaturations were found than in A. Reference to 
titratable base ( columns 9 and 10) shows a. progressive decrease from the initial 
2-64 to the minimum value of 2-05 milliequivalents per litre at the end of the 
fifth day ; decreases are shown for ten days during the periods of photosynthesis, 
but after the fifth day, in general, progressive increases occur in both morning 
and afternoon values respectively. The value on the morning of the tenth day 
exceeds the initial value of the water, indicating re solution of previously 
precipitated base into a water volume reduced by sample removal ; on the twelfth 
day this excess becomes appreciable and the figures show no photosynthetic activity 
on the last two days, pH values being low and dissolved oxygen substantially 
absent. Ca+ + and 1\!Ig+ + removals ( columns 12 and 14) '  during photosynthesis 
follow broadly the removals of total titratable base ( column 10) , divergencies 
generally beingj within the limits of experimental error. From the dissolved 
oxygen figures, it is clear that appreciable quantities of oxygen were lost over­
night. High supersaturations held at the end of each of the first seven days, 
and, if one neglects normal physical escape from supersaturation which, with 
falling temperatures, may not have been appreciable, then quantities ranging 
from 5 to 11 milligrams per litre were consumed during the hours of no carbon 
assimilation. It is not possible to refer this quantitatively to bacterial and algal 
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TABLE 
SERIES B. NIGHT DAY VARIATIONS IN CHARACTERISTICS 
1 2 
 
6 7 8 9 1 10 11 I 12 
Water Temperature oc. Titratable Base Calcium 
[B + + ] X 10' [CA + + 1 X 10'
Hours 
[H + ] Time. of pH. roH - 1  
Sunlight. Max. Min. Sam ple. Total. Change. Total.  Change. 
--
7 a.m . 24 8·1  0·80 X 1·53 X 2·64 1 ·60 
6·2 27 24 10 - · 10 - · 0·14 0·10 
6 p.m. 26 8·9 0 ·13 X 9·41 X 2·50 1 ·50 
10 - ·  10 ·  --- ---- --
7 a.m . 25 8 · 8  0·16 X 7 ·64 X 2·64 1 ·59 
4 ·5  27 23 10 · 10 - · 0 ·24 0 ·15 
6 p.m . 25 9 2  0·63 X 1 · 94 X 2·40 1 44 
1o • 10 ·  
-- --
7 a.m. 23 9·0 1·00 X 1·22 X 2·52 1 · 57 
6·2 26 23 10 - · 10 ·  0·23 0·15 
6 p.m. 25 9·3 0·50 X 2 ·45 X 2·29 1·42 
10 · 10 · 
-- --
7 a.m.  23  9 ·0  1 ·00 X 1 ·22 X 2 ·40 1 ·55 
11 ·2 2S 23 10 - ·  10 ' 0·25 0·19 
6 p.m . 26 9 ·3 0·50 X 2 ·45  X 2 · 1 5  1 ·36 
1o - •  10 - ·  -----
7 a.m . 23 9 ·2 0·63 X 1·94 X 2 · 29 1 ·47 
10·3 27 23 10 - ·  10 - · -0·24 -·0 ·17 
6 p.m . 26 9 ·4 0·40 X 3·06 X 2·05 1·30 
10 - · 10 · --
7 a.m . 24 9 ·1  0·80 X 1 ·53 X 2·42 1 ·46  
12·2 28 23 10 ·  10 - · - 0·21 - 0·16 
6p.m . 26 9 ·3 0·50 X 2·45 X 2·21 1 ·30 
10 ·  w - • --- --
7 a.m. 24 8·9 0·13 X 9·41 X 2·51 1·58 
11-1 28 23 10 · 10 - · - 0·20 0·15 
6 p.m . 26 9·2 0 ·63 X 1 ·94 X 2·31 1·43 
10 · 10 - '  --
7 a.m . 21 9·0 1 ·00 X 1 ·22 X 2·51 1 ·55 
4 ·9 24 19 10 · 10 ·  - 0·19 0·13 
6 p.m . 23 9 ·2 0·63 X 1 ·94 X 2·32 1 ·42 
10 - ·  1o • 
7 a.m. 20 8·7 0·20 X 6·12 X 2·59 1 · 62 
1 ·9  25 19 J o - • 10 ·  - 0·13 0·12 
6 p.m.  25  8 ·9  0 ·13 X 9·41 X 2·46 1 ·50 
10 · 1o - • --
7 a.m. 23 8 ·2  0 ·63 X 1 ·94 X 2·69 1 ·64 
11-2 28 22 10 ·  w - • -0·10 0·07 
6 p.m . 25 8·6 0·25 X 4·89 X 2·59 1 · 57 
10 • 10 ·  -- --
--
7 a.m . 24 7·6 0·25 X 4·89 X 2·66 1 · 66 
12·2 28 22 w • - 1o • + 0·04 + 0·02 
6 p.m. 25 8·0 1 ·00 X 1 · 22 X 2·70 1 ·68 
10 · 0 10 · 
7 a.m . 22 7 ·1  0 ·80 X 1 ·53 X 2·76 1 ·70 
8 ·7  26 21 w - • 10 '  + 0·07 + 0·05 
6 p.m. 24 7 ·9  0·13 X 9·41 X 2·83 1 ·75 
10 · 10 · 
7 a.m. 21 7 ·1 0 ·80 X 1 ·53 X 2 ·85 1 ·75 
5 ·0 26 20 10 · w • 
6 p.m . 26 7 ·1 0·80 X 1·53 X 2·84 1 · 74 
10 ·  10 - ' 
--
7 a.m. 21 6 ·8  0·16 X 7 · 64 X 2·85 1 ·75 
9·5 28 20 1 o - • 1o - • 
6 p.m . 26 6·8 0 ·16 X 7 ·64 X 2·84 1 74 
w - • 10 - ·  
EFFECTS OF ALGAE ON WA TER SUPPLY. 67 
25 
OF WATER CARRYING ALGAL GROWTHS.
13 I 14 1 5  1 6  1 7  1 8  1 !)  20 21 22 23  24 
[B + + ] Magnesium [HCO, ] Dissolved 
[Mg + + ] x 10' 
+ [ca + + l Oxygen 
[H +] 
+ [Mg + + l [Mg + + ] [HCO , ] [CO , ]  [CO , ] 2 [CO , = ]  X 
X 108 + [CO , ] X X Equiv. [ OH ]  rco , J  [ OH ]' 
Total. Change. X Mol x 103 X 10' mgm/1 �� Sat. 103 
--
2·83 2·59 2·24 X 3·96 X 2· 64 2·64 18 3·2 X 3·3 X 6·4 75 
0·03 10 •  10 ' 10 · 10 _ 
.. 
2·80 2·25 1·20 X 5·60 X 2·50 2 ·50 90 1 · 7  X 1·2  X 14·0 170 
1 0 ' 10 ·  1 0 ' 10 13 
� 
2·82 2·42 1·04 X 7·40 X 2·64 2·64 83 1·5 X 8·2 X 6·3 75 
0·07 10 4  10 ·  1 0 ' 10 "  
2·75 1·95 2·15 X 2·15 X 2·40 2·40 155 3 ·0 X 5 ·2 X 17·0 203 
10 ·  1 0 · 10 ' 1 0 13 
2·77 2·20 1 · 52 X 4·20 X 2·52 2·51 119 2·1  X 2·1  X 9·7 112 
0·07 10 ' 1 0 · 1 0 ' 10 " 
2·70 1 · 78 2·46 X 1·70 X 2·29 2 · 30 175 3·3 X 8·1  X 15·7  187 
10 4 10 ·  10 ' 1 0 13 
2·74 2·10 1·45 X 4·01 X 2·40 2·40 112 2·0 X 2·0 X 3·8 44 
0·07 1 0 · l o - • 10 '  1 0 18 
2·67 1 · 67 2·30 X 1·60 X 2·15 2·16 156 3 · 1  X 8·0 X 14·0 170 
10 · 10 · 1 0 ' 10 "  
� 
2·70 1 · 86 2·05 X 2·23 X 2·29 2·29 151 2·8 X 5 · 1  X 9·2 106 
0·03 10 ·  10 ·  1 0 ' 1 0 13 
2·67 1·50 2·60 X 1 · 1 5  X 2·05 2·05 169 3 ·5  X 1 · 3  X 19·1 232 
10 ·  10 · 1 0 '  10 "  ---
2·71 2·05 1 ·77  X 3·14 X 2·42 2·42 129 2·4 X 3·2 X 7·8 92 
0·06 10 4  10 ' 1 0 ' 10 " 
2·65 1·71 2·36 X 1 · 63 X 2·21 2·21 153 3 · 1  X 8·0 X 11·6  141 
1 0 · 10 · 1 0 ' 1 0 13  
2·70 2·26 1·20 X 5·63 X 2·51 2·51 95 1·6 X 1·2 X 3 · 5  4 1  
0·07 lo - •  10 · 10 '  10 18 
2·63 1 ·88 2·07 X 2·26 X 2·31 2·31 148 2 ·7  X 5·0 X 9·8  J. 19 
1 0 · 10 • 10 '  10 13 
2 · 70 2·20 1·52 X 4·20 X 2·51 2·52 118 2·1 '  X 2·0 X 2·2 24 
0·04 10 ·  1 0 · 10 '  1 0 18 
2·66 1·89 2·08 X 2·27 X 2·32 2·33 148 2·8 X 5·0 X 9 · 5  109 
10 ·  1 0 · 10 '  10 13 -- 
2·70 2·41 8·30 X 9·21 X 2·59 2·58 67 1 · 1  X 5·1 X 0·7 8 
0·05 10 ' 1 0 · 1 0 ' 1 0 " 
2·65 2·22 1·18 X 5·53 X 2·46 2·47 89 1 · 6  X 1 ·2 X 4·3 51  
1 0 · lo - • 1 0 ' 10 "  
2·71 2·63 2·89 X 3 · 1 6  X 2·69 2·69 24 3·9 X 5·1  X 0·1  1 
0·01 1 0 · 1 0 · 1 0 · 10 " 
2· 70 2·45 6·76 X 1·13 X 2·59 2·59 53 9 ·1  X 3·2 X 2·9 35 
10 ' 1 0 ' 1 0 · 10 "  --
2·75 2·64 7·29 X 1 ·21 X 2·66 2·66 6 ·1  1 ·0  X 3 · 3  X Nil Nil 
10 ·  10 ·  10 · 10 10 
2·75 2·66 1 · 84 X 5·08 X 2·70 2·70 1 6  2·5 X 2·1 X 1 · 8  2 2  
lo - •  10 ·  lo - •  1 0 " --
2·84 2·76 2·38 X 4·22 X 2·76 2·76 2·0 3 ·4  X 3·3  X 0·2 2 
+ 0·06 10 ·  10 '  1 0 · 10 -:- 11 
2·90 2·80 1 · 49 X 6·97 X 2·83 2·83 1 3  2 ·2  X 1 · 3  X 2·6 3 1  
10 ' 1 0 · 1 0 · 10 " --
2·92 2·83 2·44 X 4·33 X 2·85 2·84 2·1 3 · 6  X 3·4  X 0·1 1 
10 - ·  10 · lo - •  10 11 
2·93 2·84 2·45 X 4·35 X 2·84 2·84 2·1 3 ·6  X 3·4  X Nil 
10 · 10 ·  lo - • 1 0 11  --
2·93 2 ·85 1 · 23 X 8·72 X 2·85 2·85 1·1 1 ·8  X 8 · 6  X Nil  
10 - ·  10 · 10 ·  1 0 18 
2·91 2·84 1 ·22 X 8·69 X 2·84 2·85 1 · 1  1 · 8  X 8·5  X Nil 
10 ' 10 · lo - • 10 18  
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e. 3 4 5 .. 7 8 9 10 l l  
SUCCESSIVE DAYS 
14 
71 
72 
SERI ES• a •  
 
9 
a 
7 
5 
4 
3 
e 
EFFECTS OF ALGAE ON WA TER SUPPLY. 
PLOT OF p VALUES OF COMPONENTS 
 AND  PLOTTED ON LOWER ENLARGED SCALE
pH 
pOH 
pH 
Z.-9 
Z. ·B 
Z - 7  
pCOa 
Z.·0 
z w l!) >-><0
0 w 
> <..J o: � >-
� 80 0: 
o -
z c.< Vl
l!) 
I Zo. -
J �l!) o: � �
0 0: <( Ww l-0: <( 
Vl 3::: 0 :: z 
i= z0u
EFFECTS OF ALGAE ON WA TER SUPPLY. 
.. � < 
" �
Gl �
 
� < 
 
� �
� 
<t <(
 
� = 2 � a� � " a � � a1 � 
31:Un 1:13d Sr.llti:I91111W;'N39AXO 03/\lOSSIQ Hd 
73 
74 EFFECTS OF ALGAE ON WA TER SUPPLY. 
respiration processes, for apart from. the fact �hat the �xtent ?f bacterial
consumption was not able to be determmed, �her� 1s n? definite relati_on between
plant oxygen intake and resultant C02 expulsiOn. In e�ther case C02 Is p�oduced
and in terms of this the progressive changes in titratable base concentratiOn and
the concentrations of the other components of the equilibrium are open to
explanation. 
Reference to column 20 shows that for most of the time the water was 
supersaturated to CaC03 , overnight production of C02 resulting in considerably 
lower supersaturations in the morning samples. Undersaturations occurred 
towards the end of the series, when the normal plant processes had ceased to 
function and plant decay had become established. Then the only factors involv­
ing C02 were resolution of precipitated base and equilibrium adjustments in 
respect of immediate atmosphere .  
· Columns 21  and 22 show that at no  time were the constants for MgC03,
3H20 and Mg ( OH ) 2  exceeded, and therefore these materials should not have 
precipitated as such. However, Mg+ + definitely was removed from solution, 
the inference again being that it had precipitated in conjunction with CaC03 as 
a double carbonate . 
· 
Figs. 4-8 illustrate the day to day variations in concentration of the 
several components. 
To check the effects of excluding light from the experimental tanks: 
between 6 p.m. and 7 a .m. ,  a series of tests was carried out on a similarly situated 
tank, readings of pH and dissolved oxygen being made at hourly and two-hourly 
intervals over a period of several days. The results obtained are shown in Table 
26 and graphically in Fig. 9. From these figures it may be assumed that exclud­
ing light from the tanks between 6 p .m.  and 7 a.m. caused no undue interference
with the normal plant activities. Under the conditions holding for this series of 
tests, peak values of short duration were attained from 2 to 4 p.m. ,  while little 
photosynthetic activity is shown before 7 a.m. 
TABLE 26.  
PROGRESSIVE DETERMINATIONS OF PH AND DISSOLVED OXYGEN (MGM/ 1 . )  ON WATER 
CARRYING SPIROGYRA. 
Time. pH  D O . pH. D.O.  
------
--
8 a.m. . . 7· 6  4 ·5  7 · 9  5 ·8  
9 a.m. . . 7 ·6  4 ·8  8 ·0 6·2 
1 0 a.m. . . 7 · 7 6 · 1  8 ·0 6 ·3  
ll  a.m. . . 7· 7 5 ·0  8 · 1 6 · 7 
12 noon . . 7· 8  6 ·2 8 ·1  6 ·9  
I p.m. . . 8 ·0  7 ·0  8 ·2  8 ·0  
2 p.m. . . 8·4 7 ·6  8 ·2  8·2 
3 p.m. . . 8 ·4 9 ·8 8 ·4 8·4 
4 p.m. . . 8·4 10 ·2 8 ·5 9 ·4 
5 p.m. . .  8 ·2 9 ·4  8 ·4  10 ·3  
6 p.m. . . 8·2 7 ·0  8 ·4  7 ·3  
8 p.m. . . 8· 1 6 · 1  8 ·2 6 ·8  
1 0 p.m. . . 8· 1 6 ·0  8· 1 6 ·2 
12  midnight 8 · 1  5 ·8  8 · 1 5 · 8  
2 a.m. . . 7 ·8  5 · 7 8 ·0  5 ·5 
4 a.m. . . 7 ·8 5 ·6  7 · 9  6 ·0 
6 a.m. . . 7 · 9  5 · 8  7 ·9  6 ·0 
pH. D.O.  pH. 
8 · 1  7 · 1  8 ·0  
8 · 1 7 ·4  8 ·0  
8 · 1 7 · 6  8 · 0  
8 · 1  7 · 8  8 ·0 
8 · 1 8 ·0  8 · 1  
8 ·2 10 ·2 8 ·2  
8 ·4  9 ·2  8 ·6  
8 ·4  8 ·5  . 8 ·6  
8 ·5 8 ·2  8 ·6  
8 ·5 7 · 6  8 · 5  
8 · 3  5 · 9  8 · 4  
8 · 1  5 ·8  8 · 1  
8 · 0  5 · 8  8 · 1  
8 ·0 5· 7 8 ·0  
8 · 0 5· 7 8 ·0 
8 ·0 5 · 7 7 ·9  
7 ·9  5 ·6  8 ·0  
D.O.  
5 ·6  
6 · 1  
6 ·3  
6 · 3  
8 · 1  
8 · 7 
10 ·0  
9 ·8  
8 ·5  
8 ·3  
7 ·5  
7 ·5  
7 ·4  
7 ·4 
7 ·4  
7 ·4  
7 ·3  
pH. 
8 · 1  
8 · 1  
8 · 1  
8 · 2  
8 · 2  
8 · 3  
8 · 3  
8 · 3  
8 · 5  
8·4  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
D.O.  
7 · 6  
8 · 1 
8 · 1  
8 · 1  
9· 5 
9 ·8 
10 ·0 
10 ·3  
10 ·0  
9 ·6  
. . 
. . 
. . 
. . 
. . 
. . 
In Table 27 are summarised the results of analyses of the various
carbonate materials deposited from waters through photosynthetic activity­
'ex�e;pt in the case of Mawson 's lake marl, which was not necessarily of algal 
origm. The figures are set out as probable percentage composition and in 
equivalents per 100 grams, calculated on a basis free from extraneous matter. 
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From these figures it will be seen that the presence of l\fg ( OH ) 2  is definite 
in materials derived from the activities of rapidly growing green algae, but is 
absent from those arising from the blue green Myxophyceae . Further samples 
from Myxophyceae have not been procurable, as growth of these organisms under 
laboratory conditions is difficult . There is doubt concerning the correctness of 
the interpretation of the analysis of the one sample obtained on account of the 
high degree of contamination with organic matter. However, the result of this 
contamination would be to increase the Ca and Mg content, and it would be 
expected therefore that the determined C02 would fail to satisfy the Ca and Mg 
requirement-i.e . ,  the contamination would stress rather than mask the presence 
of Mg ( OH)  2• Actually the determined values show almost precise equivalence 
between Ca + Mg and C02, and it may be assumed, therefore, that the organic 
matter did not materially affect the findings. While from few observations firm 
conclusions may not be drawn, it would seem that in Mawson 's biscuit formation, 
as in the deposit from laboratory cultures, the photosynthetic activity of the 
Myxophyceae was not sufficiently vigorous to induce conditions favourable to 
the formation of Mg ( OH ) 2 as a solid phase . In the case of the higher plants
appreciable variations in the proportions of Mg ( OH ) 2  is also obvious, even for 
different samples from the same species. Again this may be explained in terms 
of the changes wrought in the balance of the water constituents, changes
dependent upon both the rate of carbon assimilation and the characteristics of 
the water supporting the plants. 
A specimen of Gigoomgan limestone p . 20, Richards and Bryan ( 7 4 ) of Myxophyceae 
origin, has since been obtained. Analysis gave the following composition :
Insolubles ( dil. HCl) 
CaO 
MgO 
Fe,O, 
Al,O, 
CO, 
Water, &c. (by difference ) 
Per cent. 
22.9 
40.6 
0.4 
1 .8 
0.5 
32 .3 
1 .5  
100 .0  
T h e  40.6 p e r  cent. of C a O  requires 31.9 per cent. o f  CO,, leaving 0.4 p e r  cent. f o r  the magnesium 
found, which is almost quantitative equivalence. Richards and Bryan have p ublished the 
following analysis :
SiO, 
Al,O, 
Fe,O, 
CaO 
MgO 
s 
Loss on Ignition 
Per cent. 
12 .44 
2 .77  
0.65 
46.44 
Trace 
0.30 
37 .04 
99.64 
As a figure for CO, has not been given, it is not p ossible to consider this analysis in terms 
of calcium carbonate ; presumably insolubles were suitably fused to break down silicates and 
obtain the total calcium value. The 46.4 per cent. of CaO, if all carbonate, would require 
36.5 per cent. of CO, ;  loss on ignition is 37 p er cent., and the difference of 0.5 between this 
and the CO, value would probably not account for moisture and organic matter ( on grinding 
the sample emitted a foetid odour suggesting that the sulphur was present in organic 
combination) .  
The later analysis given above, on the figures, suggests that Myxophyceae do not give 
rise to con ditions favourable to the precipitation of Mg ( OH ) ,, but that MgCO, may enter the 
s olid CaC03 phase. However, the proportion of MgO found is too small to allow firm conclu
sions to be drawn and the CO, found in excess of the calcium requirement is also low enough 
to be attributed to experimental error. 
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In all algal samples, MgC03 appears in varying proportions ; its presence 
is marked in the case of Potamogeton materials, while, on the analyses, it is 
absent from four of the five Hydrilla samples, and substantially so from the 
fifth. Conditions covering the Mawson specimens are unknown, but for the rest 
they could at no time have been favourable to the precipitation of magnesium 
carbonate as a distinct solid phase. It seems, therefore, that MgC03 is deposited 
in conjunction with CaC03 as a double carbonate. .  Mawson attributes the MgC03 
of the lake marl deposit to dolomitisation of previously precipitated CaC03 ; 
its composition is not markedly different from that of G. or H. (both from 
Potamogeton) ,  and it seems reasonable to assume that its deposition occurred 
as a double carbonate. 
TABLE 27. 
SUMMARY OF ANALYSES OF CARBONATE DEPOSITS, 
Sample. 
Mawson. 
(i) Biscuit-Myxophyceae 
(ii) Reef-Lithothamnion 
(iii) Lake marl . . 
Deposit in Filter. 
0 0 
A. Surface I . . 11 
B. Mid �pr�Clpa Y 
C. Surface ) 
Sp1rogyra 
Deposit in Filter. 
(i) Spirogyra . .
Experimental Tanks. 
(ii) Chlorococcus 
(iii) Myxophyceae 
Plant Samples. 
A. Hydrilla . . 
B. Potamogeton 
c. Hydrilla 
D. Hydrilla 
E. Hydrilla 
F. Hydrilla 
0 0 
• 0 
0 0 
. .  
G. Potamogeton 
H. Potamogeton 
K. V allisneria 0 0 
. . 
0 0 
• 0 
. . 
0 0 
• 0 
. . 
. . 
. . 
• 0 
0 0 
. . 
CaCO,.  
96· 1 
89 ·3  
68·0 
79· 7 
77 ·6  
76 ·8 
8 1 · 5  
90· 1 
92·4 
98·4 
95·2 
95·5 
95· 1 
98 ·6  
98 ·3 
72·6 
77 ·0 
44·5 
% Composition. 
MgCO,.  
3 ·9  
9 ·2 
25 ·6 
2 ·8  
3 ·7  
2 ·2 
4·0 
3 ·5 
7 ·6 
0 ·7  
4· 7 
0 0 
0 0 
. .
. .
23·2 
1 8·2  
28·4 
Mg(OH), .  
. .  
1 · 5  
6 · 4  
1 7 · 5  
18 ·7  
21 ·0  
14 ·5  
6 ·4  
• 0 
0·9  
0 ·1  
4 ·5  
4 ·9 
1 ·4 
1 · 7  
4 ·2 
4 ·8 
27· 1 
CaCO,.  
1 ·92 
1 ·79  
1 · 36  
1 ·59 
1 ·55  
1 · 54 
1 -63  
1 · 80 
1 · 85 
1 ·97 
1 · 90 
1 · 9 1  
1 · 90  
1 ·97  
1 ·97  
1 ·45 
1 ·54 
0·89 
Equiv. 100 gms. 
MgCO ,. 
0 ·09 
0·22 
0 ·61  
0·07 
0 ·09 
0 ·05 
0· 1 0  
0·08 
0· 1 8  
• 0 
0· 1 1  
. . 
. . 
0 0 
0 0 
0·55 
0·43 
0 ·68 
Mg(OH), .  
0 0 
0·05 
0·2'2 
0 ·60 
0·64 
0·72 
0·50 
0·22 
0 • 
0 0 
. . 
0 · 16  
0· 1 7  
0·05 
0·06 
0 · 14  
0 · 1 7  
0 ·93 
From the wide variations in composition of the various samples set out, 
in general it would seem that composition depends on the characteristics of the 
water in which the material is formed, and on the rate at which it is formed. 
Vigorous carbon assimilation sets up pH and C02 values in the water favourable 
to Mg ( OH ) 2  precipitation, while MgC03 may enter the solid phase resulting 
from the physical stabilisation of conditions of supersaturation to CaC03• 
Frequent examinations of water drawn from the Brisbane River at 
various points between its junction with Lockyer Creek-the last significant 
tributary-and the head of the impounding weir ( a  distance by river of 
approximately 20 miles ) have shown that in the April to October low flow 
period-if appreciable rains do not occur-the [H + ] value of the water, its 
colour and its bacterial population record progressive downstream decreases. 
The pH rises from 7 -5-7 -6  to 7 -9-8 ·1,  the change being attributable to algal and 
aquatic .  plant activity. The decrease in colour is marked, upstream values of 40 
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having been observed to fall to 15 and, in higher ranges, 80 to 45. While the 
trees-principally Callistemon viminalis-fringing and overhanging the stream 
are not deciduous in the ordinary sense, they nevertheless shed leaves and twigs 
abundantly during this period: Water extracts of Callistemon leaves are highly 
coloured, and it would be expected therefore that the colour of the river water 
would progressively increase rather than decrease .  Laboratory experiments 
have shown that if clean young filamentous algae such as Spirogyra or 
Cladophora are planted i\). Brisbane River water coloured with extract of 
Callistemon leaves ( or leaves of the other common trees in the Brisbane valley 
such as Eugenia venpenatii and Casuarina cunninghamiana) after forty eight 
hours there is a marked diminution in colour intensity and an amorphous 
precipitate is present. If the algal culture is allowed to decline, the colour of 
the water increases and the precipitate is redispersed at pH values of approxi­
mately 7. In further sets of experiments, water was subjected to algal action 
to raise the pH to approximately 9, filtered and inoculated with a mixed bacterial 
culture ; duplicate one litre cyli;nders of this water were taken, to one of them 
extract of Callistemon leaves was added to a colour of approximately 150, while 
the other acted as blank. After forty eight hours standing under covered 
conditions, a noticeable precipitate had formed in the coloured samples with a 
marked decrease in colour of the supernatant water. Total bacterial counts-
24 hours, 37 ° C. ,  nutrient agar-gave the following results on a series of six 
tests :-
TOTAL COUNTS-MICROORGANISMS IN 1 ML. 
( Cylinders 12" deep samples drawn 1"  below surface.)  
Blank. Leaf Extract Added. 
1 .  320  10  
2 .  6 5 0  10  
3 .  750 20 
4. 550 70 
5. 500 20 
6 .  750 15  
If calcium hydroxide is added to a light extract of leaves in distilled 
water-from which C02 has been expelled by prolonged scrubbing with C02 
free air-a highly dispersed, very slowly settling precipitate is formed at pH 
values of 7 ·0-7·2 ; no such precipitate appears if  NaOH is used instead of lime, 
and the system maintains an unimpaired clarity ; with increased NaOH additions 
to considerably higher pH values no change occurs. If, however, the pH is 
raised by further addition of Ca ( OH) 2 ,  a progressively increasing coagulation 
takes place, and at pH values of approximately 8, it is well defined and settling 
is rapid. 
From these facts it may be assumed that through the carbon assimilation 
activities of aquatic plant growths, conditions at suitable seasons are induced 
in the waters of the Brisbane River-with their normally high Ca + + and Mg+ + 
concentrations-favourable to reaction with the coloured leaf extractives 
abundantly provided for during those months in which downstream colour 
reductions have been noted, and that these reactions involve processes which 
remove by coagulation and subsequent sedimentation in the many large and 
deeper reaches, not only the colouring matters themselves, but also an appreciable 
proportion of the bacteria present. The concentrations of Ca + + and Mg+ + ions 
remain sub&tantially constant throughout, and, as the increase in pH is
progressive, so the degree of coagulability will be progressive, as likewise will 
be, · therefore, the colour and bacterial removals. 
78 EFFECTS OF ALGAE ON WA TER SUPPLY. 
Diminution in bacterial population may not be attributed exclusively to 
this cause, but it is considered that in the case of the Brisbane River these 
processes constitute an appreciable factor in the so called self purification. Not 
only do bacteria appear to be carried in this manner to the bottom waters of the 
deeper reaches, where they are effectively removed by protozoa, but general, 
qualitative observations suggest that entrapment in and removal from the near
surface layers by the coagulum may be a factor in holding in check microscopic 
plankton of various types which, with unrestricted growth, are capable of giving 
rise to obnoxious conditions within the supply. 
Obviously for this process of coagulation and sedimentation to take place, 
conditions of pH values in the region of 8 must initially hold in the water, or, 
alternatively, as in the case of Brisbane River, aquatic growths must be sufficiently 
abundant and active to shift the equilibrium to such values in opposition to the 
contrary effect of leaf extractive which, by virtue of its tannins, etc . ,  tends to 
reduce the pH ; also there must be present in the water sufficient Ca + + ( and 
Mg+ + )  ions to establish concentrations favourable to precipitation. 
Examination of Callistemon leaves has shown them to contain 4· 0 to 
4-7 per cent. of collagen removable material ; this may not all be classed as tannin, 
for highly coloured materials of undetermined composition are present in the 
extracts and these are taken up by the hide powder together with the tannins­
tannin probably constitutes not more than 2 to 3 per cent . Wilson ( 80 )  has 
shown that if Ca( OH) 2 solution is added to tannin, precipitation takes place 
at pH of 7,  and as the pH increases, increasing amounts of precipitate are formed. 
It has been stated above that the progressive reductions in bacterial 
population from upstream to the head of the impounding weir in the Brisbane 
River may not be attributed exclusively to the processes set out. Many factors 
contribute to the self purification of streams, e .g . ,  the effects of ultra violet 
light, the effects of dissolved oxygen in continuously replenishable supply, the 
normal processes of sedimentation, the depredations of higher organisms. 
However the bacterial reductions shown in laboratory tests indicate that the 
coagulum formed, as suggested, is capable of carrying out a high proportion of 
the organisms present. Analogous behaviour is found regularly in the aluminium 
sulphate coagulation of turbid waters in the purification plant under full scale 
operation ; removals in excess of 95 per cent. through coagulation and
sedimentation occurring with raw waters carrying up to 20,000 organisms per 
millilitre . 
An interesting red algal form-Caloglossa ; Rhodophyceae-has recently 
been found in a tributary of the Brisbane River. It has not been reported in 
any other stream in Queensland and previously the Hawkesbury River, N.S.W., 
had been regarded as its northernmost habitat. It grows attached to rocks, 
submerged twigs, etc., in a very shallow ( 4 to 12 inches depth ) ,  slowly flowing 
stretch of a relatively short creek thickly fringed with trees and receiving very 
little direct sunlight. It is brown in appearance, the red pigment phycoerythrin 
being masked by fucoxanthin. It grows readily in laboratory jars in diffused 
light, but is intolerant of protracted exposure to direct sunlight.  The majority 
of Rhodophyceae are marine and are generally considered much more efficient 
as " metabolic machines " than the Chlorophyceae ; this fresh water Caloglossa, 
however, displays reh1,tively weak photosynthetic activity, at least under 
laboratory culture. Determinations of pH and dissolved oxygen of water 
carrying the plant-over a considerable period-showed very much less marked 
variations than in the case of green filamentous algae under similar conditions . 
While high oxygen supersaturations and marked increases in pH values resulted 
from the photosynthetic activities of Spirogyra, in the case of Caloglossa oxygen 
saturations were 90 to 100 per cent. while pH values did not rise more than 0-2 
to 0-3 unit during the day. Caloglossa is shown in Plates 1 4. 
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SP I ROGYRA.-Conjugat ion X 60. S P I ROGYRA.-Conjugation X 500. 
P late 1 9. P late 20. 
CLADO P H ORA X 50. CLADOPHORA X 1 50. 
EFFECTS OF ALGAE ON WATER SUPPLY. 
P l ate 2 1 . P late 22. 
HYDRO D I CTYON X 1 00.  HYDRO D I CTYON X 3 00. 
P l ate 2 3 .  P !ate 24. 
ZYGN EMA.-Vegetative F i lament X 50. ZYGN EMA.-Vegetative F i l ament X 400. 
EFFECTS OF ALGAE ON WA tER SUPPLY.
P l ate 25 .  
ZYGN EMA.-Stages i n  Conjugat ion .  
P l a te 27 .  
ZYGN'EMA.-Stages in  Conjugation. 
P late 26. 
ZYG N EMA.-Stages i n  Conjugation.  
P latz 28 
ZYG N'EMA.-Stages in Conjugat ion .  
EFFECTS OF ALGAE ON WA TER SUPPLY. 
P late 29. P l ate 30 .  
F I LTER S U RFACE SMEARS X 60. F I LTER S U RFACE SMEARS X 60. 
P late 3 1 . P late 3 2 .  
F I LTER SU RFACE SMEARS X 60. TYP I CAL D I ATOMS I N  B R I S B A N E  S U P P LY X 3 50 .  
EFFECTS OF ALGAE ON IP A TER SUPPL Y. 
P l ate 33 . 
TYP I CAL DJ ATOMS I N  B R I SBANE S U P P LY X 350 .  
P late 35 .  
F-ROTOZOA I N  BODY OF DAP H N I A  X 3 50. 
P late 34.  
TYP I CAL D I ATOMS I N  B R I SB A N E  S U P PLY X 350. 
P l ate 3 6 .  
F I LAM E N TS OF D E A D  ALGAE FOLLOW I N G COPPER S U L P HATE 
TR EATM E N T  OF WATER X 350. 
EFFECTS OF ALGAE ON 1P A TER SUPPLY.
Plate 3 7 :  
M I C ROCYST I S  ON LAKE MAN C H ESTER WATE R  
S U RFACE X 1 / 1 50 .  
P l ate 3 9 .  
OSC I LLATO R I A  X 3 5 0 . 
Plate 3 8 .  
M I C ROCYST I S  ON LAKE M A N C H ESTER WATE R  
SURFACE X 1 / 1 5 0 .  
P late 4 0 .  
ANABAENA & ZYGN EMA X 3 �0. 
EFFECTS OF ALGAE ON WATER SUPPLY . 
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P l ate 4 1 . 
CERAT I UM X 60. 
 
 
 
. 
   
  
P late 42. 
PHORM I D I UM X 2 50. 
P late 4 3 .  P l ate 44. 
E P I P H YT I C  D I A TOMS ATTAC H E D  TO C LADOP HORA BUT N OT TO S P I ROGYRA O N  ACCO U N T  OF THE LATTER'S 
M U C I LAG I NOUS S H EATH. 
EFFECTS OF Al-GAE ON WA TER SUPPLY.
P late 4 5 .  P late 46. 
MOUGEOT I A  X 60. MAT Oi' MOUGEOT I A  FROM F I LTER SAN D  S U RFACE X -1. 
P l ate 47  P l ate 48. 
COSMAR I U M O N  F I LTER SAN D, E N OGGERA. ALGAE F LOATNG O N  SLOW SAN D F I LTER. 
EFFECTS OF A .GAE ON WA TER SUPPL Y. 
P l ate 49. 
SAPROLEGN I A.-Show i n g  Myce l i um, Sporang ia,  and 
Groups of Cysts . 
P l ate 5 1 . 
SAPROLEGN I A.-Showing Mycel i um, Sporangia, and 
Groups of Cysts. 
P late 50. 
SAPROLEGN I A.-Showing Myce l i um, Sporang i a, and 
Groups of Cysts . 
P late 52. 
SAPROLEGN I A. Showi ng Myce l i um, Sporangia, and 
Groups of Cysts. 
EFFECTS OF ALGAE ON WA TER SUPPL Y. 
P l ate 5 3 .  [From Mawson. 
A P I EC E  OF T H E  L I T HOTHAMN I ON L I KE,  CAVERNOUS, E N C R U ST I N G  ALGAL L I M ESTO N E  
F ROM T H E  R E E F  A T  L A K E  KA RATTA. 
P late 54. [From Mawson. 
U P P E R  WARTY S U RFACE OF A D I SCO I D  TY P E  OF " B I SC U I T." 
EFFECTS OF ALGAE ON WA TER SUPPL Y . 
  
      
  
   
 
       
 
 
       
    
 
  
 
 
   
P late 5 5 .  
C RYSTALS OF CAR BONATE MATE R I AL DEPOS I TE D  I N  
C U LT U R E  O F  CHLOROCOCCALES X 1 00. 
 " 
-• . 
 
P l ate 56.  
C RYSTALS OF CARBONATE MATE R I AL DEPOS I TE D  I N  
C U LTU R E  O F  CHLOROCOCCALES X 1 00. 
EFFECTS OF ALGAE ON WA TER SUPPLY. 
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EFFECTS OF ALGAE ON WA TER SUPPL Y. 
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EFFECTS OF ALGAE ON WA TER SUPPL Y. 
� SAN D S U RFACE.
P late 6 1 . 
CORROS I O N  OF CONC RETE F I LTER WALL BY C02 AC I D  WATERS.  
S L I G H T  CORROS ION O N LY B ELOW SAN D S U RFACE. 
P late 62. 
CORROS I ON OF CAST I RO N  MAN HOLE COVERS EXPOS E D  
TO C02 AC I D  WATERS. 
 
 
 
P late 63 . 
CORROS I O N  OF CAST I RON MAN HOLE COVERS  
T O  C 0 2  AC I D  WATERS 
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EFFECTS OF ALGAE ON WA TER SUPPL Y. 
B R I SBAN E R I VER TREATME N T  P LA NT.-Channel  taking Discharge 
from Aerator. H eavy C02 Froth. 
P l a te 69. 
B R I SBAN E R I VE R  TREATMENT PLA:NT.-M ixing and Sett l i n g  Basins. Water 
Enters Sett l i ng Basin at " C." 
EFFECTS OF ALGAE ON WA TER SUPPL Y. 
P late 70.  
B R I S B A N E  R I VER TR EATM ENT PLANT.-Entry from Mix ing to Sett l i ng Bas in .  
P late 7 1 . 
B R I SBAN E R I VE R  TREATM E N T  PLANT.-Coagulated Water Enter ing Sett l i ng Bas in .  
A. H. TUCKER, Government Printer, Brisbane. 
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